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NOTE 


The Joint Committee hearing of April 11, 1959, was held aboard 
the U.S.S. Skipjack at sea while the nuclear submarine was establish- 
ing new records for speed and depth of operation. The record of 
that hearing except for deletions of classified information is hereby 
made a part of the printed record. 

The hearing of April 15, 1959, was in open public session for the 
purpose of presenting to Vice Adm. Hyman G. Rickover a special 


congressional gold medal in recognition of his achievements in 
successfully directing the development and construction of the world’s 
first nuclear-powered ships and the first large-scale nuclear power reac- 
tor devoted exclusively to production of electricity. The hearing also 
included a review by Admiral Rickover of the naval reactor program 
which is hereby made a part of the printed record. 
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REVIEW OF NAVAL REACTOR PROGRAM 


SATURDAY, APRIL 11, 1959 


CONGRESS OF THE UNITED SraTEs, 
Joint ComMMITTEE ON Atomic ENERGY. 

The Joint Committee on Atomic Energy met pursuant to call at 
8 p.m., in the ward room of the U.S.S. Skipjack, at sea, Hon. Clinton 
P. Anderson (chairman of the Joint Committee) presiding. 

Present: Senators Clinton P. Anderson, John O. Pastore, Henry M. 
Jackson, and George D. Aiken; and Representatives Chet Holifield, 
James E. Van Zandt, and Jack Westland. 

Also present: James T. Ramey, executive director; John T. Conway, 
assistant director, David R. Toll, staff counsel; and Edward Bauser, 
technical adviser, Joint Committee on Atomic Energy. 

Vice Adm. Hyman G. Rickover, Assistant Director for Naval 
Reactors, Division of Reactor Development, Atomic Energy Commis- 
sion; Comdr. William W. Behrens, U.S. Navy, commanding officer, 
SSN-585 Skipjack; and Carlton Shugg, general manager, electric 
boat division, General Dynamics Corp. 

Senator ANDERSON. This is an official meeting of the Joint Com- 
mittee on Atomic Energy. We meet this evening in executive session 
aboard the U.S. nuclear submarine Skipjack, more than 400 feet 
below the surface of the Atlantic Ocean and approximately 135 nauti- 
cal miles out of New London, Conn. 

We are present here today to receive a report from Vice Adm. H. G. 
Rickover, Assistant Chief for Nuclear Propulsion, Bureau of Ships, 
and Comdr. William W. Behrens, commanding officer of the U.S.S. 
Skipjack on the operation of this new nuclear submarine which com- 
pleted its first sea trials on March 10, 1959, just 32 days ago. We 
are present here today also to observe for ourselves the operation of 
this outstanding submarine and thus obtain firsthand knowledge of 
what has been accomplished. 

It was 4 years ago last month, on March 20, 1955, that the Joint 
Committee held a hearing aboard the U.S.S. Nautilus, the world’s 
first nuclear submarine. We met as a committee below the surface of 
the Atlantic in approximately the same location we are now. 

Congressmen Chet Holifield and James Van Zandt and Senator John 
Pastore who are present here today were among those who were with 
me that memorable day 4 years ago aboard what was then the only 
nuclear submarine at sea. Since then five additional nuclear sub- 
marines have gone to sea: the Seawolf, the Skate, the Swordfish, the 
Sargo, and the Skipjack. This is a marvelous record of the accom- 
plishments of Admiral Rickover and his splendid team. 

On behalf of the committee, I wish to say how pleased we are to be 
aboard this, the newest addition to our nuclear undersea Navy, and 
to have the opportunity to meet the fine officers and crew of this 
submarine and to observe them in their important work. 


1 





REVIEW OF NAVAL REACTOR PROGRAM 


STATEMENT OF VICE ADM. HYMAN G. RICKOVER, USN 


Admiral Ricxover. Thank you very much, sir. I want to say one 
thing right at the beginning, and that 1s that each one of these nuclear 
submarines constitutes a complete task force in itself. Each of these 
ships is able, on its own, to perform functions which outstrip the 
requirements placed on it. Sometimes people ask why these sub- 
marines are so big and complex; why don’t we make them tiny? 
Some people would like to see nuclear submarines operate like air- 
planes—small craft with only a few people aboard, dashing out on a 
quick mission and then having to return to some protecting ship or 
base. I believe strongly that such a concept is a degradation of the 
tremendous potentiality of these ships. In a large surface-ship task 
force the Navy makes a tremendous investment to get a self-sufficient 
offensive capability where and when it wants it, with a capability 
for staying there and doing a job. Now in the nuclear submarine, 
we have such a capability at low cost. The ocean acts as its protectin 
screen and as its armor. As a result, the submarine can be made all 
weapon, rather than part weapon and part shield. Therefore we 
should look at each new improved feature which is added to the sub- 
marine as an increase in the effectiveness of this one-ship task force, 
rather than concern ourselves unduly over the fact that the submarine 
may be getting bigger than other submarines or bigger than some- 
body’s idea of an underwater “pursuit ship’’. 

Perhaps I have belabored this point but I think it is an important 
one. 

With this concept in mind we lay out the machinery in these ships so 
that the ship’s force can maintain it. We also provide installed spares 
of all important equipment wherever practicable. This permits the 
ships to stay at sea for several months and even to stay submerged 
for 2 months or more. It means we can operate throughout the whole 
Arctic region any time of the year and surface at will through the many 
openings or thin spots in the ice. It means that the ship does not have 
to return to a base for servicing after a few hours of operation as an 
eee does, or as a “small” submarine with “‘aircraft-type engines” 
would. 

The real significance of these polar voyages is that another large 
area of the world—larger than the whole United States—which was 
heretofore secure from war has now been exposed by these exploits. 
The entire northern coastline of Russia, formerly protected by the 
Arctic icepack, is now exposed. And of course the same applies to | 
Alaska and to Canada. 

So far as the ship is concerned, it is the fastest submarine in the | 
world. It has made a speed of over (classified) knots. The highest 

revious speed for a nuclear ship was (classified) knots, by the 

autilus. These figures are classified. The Skate makes about 
(classified) knots. In this ship we made improvements to get it over 
(classified) knots. (Classified.) A surface ship often can’t make her 
maximum speed because of the variable surface conditions of the sea 
or because of heavy weather; a nuclear submarine isn’t affected by 
these weather conditions. Even diesel submarines are dependent on 
surface weather conditions to use their snorkel. 

Our hard-worked diesel submarines now steam about (classified) 
miles a year at an average speed of less than (classified) knots. A 





REVIEW OF NAVAL REACTOR PROGRAM 3 


small fraction of this, less than 15 percent, is totally submerged. On 
the other hand, our nuclear submarines are now averaging about 
eee a year of which as much as 90 percent is completely sub- 
merged. 

Seribibe Pastore. Does the performance of the Skipjack make the 
Nautilus obsolete? 

Admiral Ricxover. No, sir; the Skipjack does not make the 
Nautilus obsolete because even the Nautilus is so far superior to all 
others constructed before it. The performances of the Skate, Nautilus, 
and Skipjack are making all conventional submarines obsolete. 
They are making perhaps 800 to 900 submarines in the world obsolete. 

Senator Pastors. How do you account for the difference between 
the Skipjack and the Nautilus? 

Admiral Ricxover. The Nautilus is a two-propeller ship. Her hull 
shape is not designed for optimum performance submerged. The 
Skipjack, on the other hand, is designed to make maximum speed 
submerged. She has essentially no superstructure. You may re- 
member when you came aboard there was very little room for people 
to walk around up there. Also, the fact that she has a single scpiolen 
gives her better propulsive efficiency. 

Representative Van Zanpt. What percent of your steampower are 
you using? 

Commander Bewrens. 85 percent. 

Admiral Ricxovrr. We are not putting out as much power from the 
reactor as it is capable of. The limitation comes in the machinery 
plant. Most of our problems on these ships, incidentally, have been 
with the eniventitioiad inatiehiey and not with the reactor. 


Representative Van Zanpt. We are now turning over the machin- 


ery to its full extent? 

Admiral Ricxover. There are various limitations. At this partic- 
ular moment our condenser vacuum is too good. If we were operating 
in warmer water we would get higher speed. 

I would like to announce at this time, 8:26 p.m., e.s.t. on April 
11, 1959, that the captain of the Skipjack has just reported to me that 
we are at a depth of (classified) feet, the greatest depth a submarine 
has ever been, and that we have attained a speed of (classified) knots, 
the highest speed any submarine has ever attained. This is the first 
on committee that has ever deliberated so deeply and so 
ast. 

Senator ANDERSON. I am happy to participate in this second record- 
breaking action. The members of the Joint Committee are very con- 
fident that you and your team will continue to lead the world in this 
area. There is no argument about it. There may be arguments 
about other programs, but in this one there isn’t. 

Admiral Ricxover. I would like to thank the gentleman of the 
Joint Committee. Without your constant help we would not have this 
submarine or any other of our nuclear-powered ships. 

Senator ANDERSON. More money has already been spent on the 
nuclear airplane than all the research and development money spent 
on nuclear submarines, including the cost of your land prototypes and 
your laboratories, and all of your research and development, and the 
complete cost of the reactor plants for the first two nuclear submarines; 
isn’t that correct, Admiral? 

Admiral Rickover. Yes, sir. 
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Senator Jackson. I know the entire committee congratulates the 
captain of the ship and the entire crew for the very competent job they 
are doing in getting the Skipjack ready for acceptance during these 
trial runs and for the new records they have just established. 

Senator Pastore. Would it violate any rules for us to say publicly 
we have done this? 

Admiral Rickover. No, sir, not that you have traveled at a depth 
in excess of 400 feet, and that you traveled faster than any submarine 
has ever traveled. (See p. 24.) 

Senator ANpERsoN. That doesn’t mean anything in itself. Has 
there been any published speed of any of the nuclear submarines? 

Admiral Rickover. The only figure released publicly is that they 
can make over 20 knots and go deeper than 400 feet. The British say 
one of their submarines made 27 knots. 

Senator ANDERSON. There are reasons why a nominal speed and 
depth are given? 

nator Pastors. Are the figures 400 feet and 20 knots used because 
they are the figures for a conventional submarine? 

Admiral Rickover. No; that speed was laid down by President 
Truman in a speech he made at the Nautilus keel laying. The Presi- 
dent decided to say ‘‘in excess of 20 knots” and that is the figure that 
has been used since that time. 

Senator ANpERsSON. Will you tell us about reactor safety? The 
danger to the people on it? The danger to people who come near it? 
Is there any danger? Can you tell us that? 

Admiral Rickover. Yes, sir. I would like to spend a little time on 
that, if | may. I think it’s very important. First, before getting to 
the details of the safety of any one ship, I must tell you that there is a 
question in some people’s minds as to whether the AEC has any re- 
sponsibility at all for the safety of these ships once they have been 
turned over to the Navy. 

Representative HouiFiELp. I think the law is very clear on that. It 
was certainly intended to be. We have a copy of the act here. Let 
me read you the pertinent section from the law. The Atomic Energy 
Act of 1954 states: 


CHAPTER 14, GENERAL AUTHORITY 


Sec. 161. GeneRAL Provisions.—In the performance of its functions the 
Commission is authorized to— 


b. establish by rule, regulation, or order such standards and instructions to 
govern the possession and use of special nuclear material, source material, 
and byproduct material as the Commission may deem necessary or desirable 
to promote the common defense and security or to protect health or to mini- 
mize danger to life or property; 

And if that isn’t enough, the Commission is authorized in the next 
paragraph (161c) to— 
make such studies and investigations, obtain such information, and hold such 
meetings or hearings as the Commission may deem necessary or proper to assist 
it in exercising any authority provided in this act, or in the administratlon or 
enforcement of this act, or any regulations or orders issued thereunder. 


This authority carries with it the responsibility to exercise that 
authority ‘‘to protect and to minimize danger to life or property.” 
The responsibility of the Navy for running its ships in no way 
relieves the AEC of the responsibility for protecting the public. 
After all, the AEC and its agents made the uranium, they designed 
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and built the reactor, and they designed and built the reactor plant 
and its safety system. They reviewed its safety and then they 
turned it over to the Navy. Do you think they can now walk away 
and forget it? 

Admiral Ricxover. I don’t, sir. I was just pointing out that some 
people in the Commission apparently think so. They seem to think 
the law isn’t explicit on this point. They have lawyers researching it 
right now. They think that the AEC must oudlant run the ships 
themselves or else forget about them. 

Representative Hotirretp. But a reactor in a ship, when it’s in a 
port, is just like any big reactor on land. In fact it may be closer to 
a lot of people than many central station reactors which are located 
out in the country. The AEC can certainly not look the other way 
whenever a nuclear ship comes into port and still claim responsibility 
for protecting the public from civilian reactors. 

Senator ANpERson. Admiral, how do you handle the safety when 
you turn one of these reactors over to the Navy? 

Admiral Ricxover. It’s quite straightforward. Before the Nautilus 
reactor was started we drew up an agreement between the AEC and 
the Department of Defense which recognized that each agency had a 
responsibility where the safeguards aspect of naval reactors was 
concerned. Nobody questioned it then; it is only recently that the 
AEC responsibility in this area has been questioned. This agreement, 
and the memorandums of understanding between the AEC and the 
Navy which followed it, provided that the AEC would present the 
design of the reactor plant to the Advisory Committee on Reactor 
Safeguards for a safety review and that the results of this review 
would be forwarded by the AEC to the Navy for their guidance. 
The reactor plant would then become the responsibility of the Navy, 
except that the Navy was obligated to make available to the AEC all 
pertinent information and data concerning operation, including safety 
standards and operational experiences. 

This arrangement has worked well. The Navy, after considerable 
study, has set up a procedure whereby nuclear ships do not go into 
_ without authorization from the Chief of Naval Operations. 

e makes the decision, but he seeks out the advice of the AEC. In 
accordance with the terms of the memorandums of understandin 
between the Navy and the AEC, this is done informally with me an 
my people on a day-to-day basis, and the Chairman of the AEC is 
officially informed whenever basic policy matters are involved. For 
example, the Chief of Naval Operations has sent letters to the Chair- 
man of the AEC forwarding naval instructions for nuclear ships 
regarding operation, selection, and training of personnel, and mainte- 
nance and repair of the nuclear plants. 

Representative HoutrieLp. Admiral, since these naval instructions 
form the basic policy by which the Navy operates its nuclear ships, 
I would like to see them put into the record, along with Admiral 
Burke’s letter to the AEC. (Admiral Burke’s letter is classified and 
is on file with the Joint Committee.) 
(The instructions referred to follow:) 
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DEPARTMENT OF THE Navy, 
BurEAv OF SHIPs, 
Washington, D.C., February, 25, 1958. 


BuSuips [Nstruction 9890.4 


From: Chief, Bureau of Ships. 


To: Commander in Chief, U.S. Atlantic Fleet. 
Commander in Chief, U.S. Pacific Fleet. 
Commander Submarine Force, U.S. Atlantic Fleet. 
Commander Submarine Force, U.S. Pacific Fleet. 
Commanders, Submarine Squadrons. 
Commanding Officers, All Submarine Tenders. 
Commanding Officers, All Nuclear Powered Ships. 
Commanders, All Naval Shipyards. 
All Industrial Managers, USN. 
All Assistant Industrial Managers, USN. 
All Supervisors of Shipbuilding, USN, and Naval Inspectors of Ordnance, 
Commanding Officers, U.S. Naval Ship Repair Facilities. 
Commanding Officers, All U.S. Naval Submarine Bases. 
Commanding Officers, All U.S. Naval Stations (BuShips). 
Commandants, All Naval Districts and River Commands. 


Subject: Repair and Maintenance of nuclear propulsion plants for naval ships. 


Reference: (a) OPNAV Instruction 03000.5 of February 6, 1958; (6) BuPers in- 
struction 1540.38 of December 31, 1957. 


1. Purpose.—This instruction is to emphasize for nuclear-powered ships that: 
(a) Any repair and maintenance to the propulsion plant must be accom- 
pe in accordance with procedures specificially approved for that class 

of ship. 
(b) Any changes to the propulsion plant must receive prior approval of the 

Bureau of Ships. 

2. General requirements.— 

It should not be assumed that repair and maintenance procedures prescribed 
for nonnuclear propulsion plants will be applicable to nuclear plants. Failure 
to follow procedures specifically approved for repair and maintenance of a nuclear 
plant could adversely affect reactor safety. Therefore, the instructions contained 
in the ship’s powerplant manual must be strictly adhered to and any deviations 
which appear to be necessary must receive approval from the Bureau of Ships. 

It may not always be apparent to personnel in working on propulsion com- 

onents and systems of nuclear-powered ships that reactor safety may be involved. 

t is, therefore, of the utmost importance to insure that no inadvertent changes 
are made, through nominally routine maintenance, which could adversely affect 
reactor safety. 

The longstanding requirement that anv changes in a propulsion plant must 
receive prior approval from the Bureau of Ships is especially important for nuclear 
plants. This is necessary because of the possible consequences of a casualty in 
a nuclear plant and the obligation of the Navy to keep the Atomic Energy Com- 
mission informed of any changes which could affect reactor safety. he im- 
portance of providing the highest degree of safety in operation of nuclear-powered 
ships is established by the Chief of Naval Operations in reference (a). Reference 
(b) states the program of the Bureau of Naval Personnel for insuring that a high 
standard of selection, training, and qualification is maintained for operators of 
nuclear-powered ships. 

3. Effective date.—This instruction is effective upon receipt. 


H. G. RicKover, 
Assistant Chief of Bureau for Nuclear Propulsion. 

Distribution list: 

SNDL, part II, F2, L1, L2, L3, L19, L30, L35 

SNDL, part I 29W, 24G, 32DD, 21 (less GINCNELM) 28K (RONS Only) 
Copy to: CNO. 
1500 distribution: Rickover (p), Rockwell, Dunford, Shaw, Mandil, Panoff, 

Leighton, Marks, Grigg, Resnick, Swenson—1500 (25). 


Representative Houirieip. This operating instruction makes it 
clear that the Navy is responsible for operating their ships but that 
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the AEC has statutory responsibilities to protect the public. Is any- 
one objecting to that? 

Admiral Rickover. There seems to be one school of thought that 
if ~~ Navy is responsible for the ships then the AEC should stay 
out of it. 

Representative Ho.irreLtp. Even where the safety of the public is 
concerned? 

Admiral Rickover. Apparently. I would assume myself that the 
Public Health Service and the Civil Aeronautics Authority in their 
respective fields would provide adequate legal precedent for an 
agency being held responsible for protecting public safety without be- 
ing given policing authority; but this view is not universally accepted. 

tepresentative Houirie tp. I certainly agree with your viewpoint 
on that. And I’m sure the public thinks so—which is also important. 
Why, if the AEC has no responsibility to protect the public, maybe 







































nee. | we'd better look at their appropriations more closely. I’ve always 
thought that we were paying for this public protection. If not, we 
should eliminate some jobs. Have you been acting as if you had 
responsibility in this matter, or not, Admiral? 
‘ips. Admiral Rickover. I have always taken the stand that res ipsa 
.in- | loquitor, the action speaks for itself, and that the Atomic Energy 
Commission is responsible. Acting on this basis, I have worked with 
hat: | the Reactor Safeguards Committee since it was founded, and with 
om- | its Chairman and other members of that Committee for many years 
‘lass | before that. It was first an advisory committee without statutory 
‘the | authority. In 1957, I believe, that was changed and the Committee 
was established by statute. However, it still does not have inde- 
‘bed pendent status. It reports to the Chairman of the Atomic Energy 
‘jure | COMmission. At any rate, at the time we were developing the 
clear | Nautilus we held frequent meetings with them and they passed on 
ined | every phase of our design. Finally they approved our design and 
tions | they approved our operating the reactor alongside the dock. Later 
ve they approved operating out of New London, and finally more general 
lved. | Operation. The Seawolf wasn’t approved by them for general opera- 
anges | tion because it was sodium cooled and the Reactor Safety Committee 
affect | never did give us the same kind of approval to operate; for this reason 
must | We always restricted her operation. 
clear The point is that we have always taken the attitude that it was our 
ty in| personal responsibility to the people in surrounding areas. As 
Com- | interpret the Atomic Energy Act, the onus for protecting the public 
al rests on the Atomic Energy Commission. The Safeguards Committee 
rence} also looks to me and my people to give them personal assurance that 
. high } we are watching the safeguards aspects of these ships closely. 
ors Of} = would like to illustrate this by reading you some excerpts from 
their letters to the AEC regarding naval reactors. 
I understand that the AEC is furnishing your committee with 
ion. | Copies of letters they have received from the Safeguards Committee. 
In the present context you might be interested in some excerpts. 
They fall into two categories: first, expressions of concern over the 
Only) | hazards of operating naval reactors in port; and second, expressions 
ranoff,| Of their confidence in the close safeguards review which I and my 





igpaee are giving these ships and their belief that such review should 
e continued. 
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Representative Houtir1eitp. Admiral, may we have those for the 
record? 


(The excerpts referred to follow: ) 


I, EXCERPTS FROM LETTERS FROM THE ADVISORY COMMITTEE ON REACTOR SAFE-~ 
GUARDS (ACRS) AND FROM THE ATOMIC ENERGY COMMISSION EXPRESSING CON- 
FIDENCE IN, AND NECESSITY TO CONTINUE, CLOSE SAFEGUARDS REVIEW BY 
THE NAVAL REACTORS BRANCH 


1. Excerpt from minutes of Advisory Committee on Reactor Safeguards 
transmitted by a letter from the Director of Reactor Development, U.S. Atomic 
Energy Commission, to the Chief, Bureau of Ships, on April 21, 1955: 

“‘(d) These conclusions and recommendations are based in part on considera- 
tion of the high degree of training which has been given the present operators and 
the extent of technical review of design and operation presently being conducted, 
The committee feels that maintenance of high standards in both of these regards 
is essential to continued safe operation.”’ 

2. In transmitting these recommendations the Director of Reactor Develop- 
ment, AEC, stated: 

“This program has borne the responsibility of establishing policy for the routine 
operation of a power reactor in a populated area, as well as for special problems 
associated with mobile reactors, and the satisfactory solution to the hazards 
problems achieved in the case of the Nautilus has been the result of continuing 
effort by the staff in the Naval Reactors Branch and the Bureau of Ships respon- 
sible for this program. Many of the problems involved have been unprecedented. 
It is important that future problems of this type receive the same careful and 
thorough attention.” 

3. Excerpt from letter from Chairman, ACRS, to General Manager, AEC, 
dated July 12, 1957, subject, “Fleet Operations, Seawolf.” 

“The committee considers that an important factor in achieving this safety 
record was the high quality and degree of review afforded by the Naval Reactors 
Branch of the Division of Reactor Development during design and initial operation 
of these ships. 

“In order to insure continued safe operation of nuclear powered naval vessels 
the committee urges that such review be continued throughout the operation of all 
nuclear powered naval vessels. This review should include all aspects of design, 
operating procedures and operational plans which could affect reactor safety; 
it should also in:lude training and qualification of personnel who operate or 
maintain naval nuclear propulsion plants.” 

4, Excerpt from letter sone Chairman, ACRS, to Chairman, AEC, dated 
September 19, 1957, Subject: “‘U.S.S. Skate, SSN578’’: 

“This conclusion is based, as was the case for the Nautilus and Seawolf, on the 
Committee’s understanding that the same careful surveillance as was exercised 
by the Naval Reactor Branch in the design of the prior nuclear propulsion plants 
also will be applied to those aspects of design, training, operating procedures, and 
plans which could affect the reactor safety of the Skate.” 

5. Excerpt from letter from Chairman, ACRS, to Chairman, AEC, dated 
August 5, 1958, subject “S5W powerplant”: 

“The Naval Reactors Branch has demonstrated its ability to monitor the 
design and construction of nuclear powered vessels and to develop well-trained 
operating crews. 

“The Advisory Committee on Reactor Safeguards, however, wishes to point out 
that nuclear power ships are not completely free from presenting a possible 
hazard to the public. There exists an ever-present low-level risk of release of 
radioactivity * * * 

“The Committee reiterates that the prime assurance of safety during building, 
operating, and repairing nuclear ships at various locations depends upon the 
proper prior evaluation of potential hazards. This must be done for each new 
situation and at present, on a case-to-case basis, by persons having a detailed 
knowledge of the factors influencing reactor safety. This requires that the train- 
ing of officers and crews of nuclear ships must continue to emphasize knowledge of 
reactors and reactor safety. It also means that the experience and technical 
judgement of the Naval Reactors Branch must be utilized to the maximum 
extent in evaluating such operations. The problem assumes increasing impor- 
tance as the number of nuclear powered ships increases.” 


6. Excerpt from letter from Chairman, ACRS, to Chairman, AEC, dated 
November 12, 1958: 
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“At the request of the Chairman of the Commission, Admiral Rickover de- 
scribed to the Committee the pertinent experience and lessons learned in the naval 
reactors program. The Navy’s desire to bring nuclear submarines into various 
populous ports has resulted in considerably more of such operations than the 
Committee had envisioned when it first commented on nuclear submarine opera- 
tion. The Committee wishes to repeat the point it has emphasized on previous 
occasions that entry of nuclear ships into populous ports cannot yet be considered 
routine or entirely without risk. In this situation, the Committee depends 
heavily on the technical judgment of the Naval Reactors Branch to evaluate the 
risk as compared with the necessity for each case. Such judgment by persons 
responsible for and experienced in the problems of reactor design and hazards 
evaluation should not be replaced by rules or by routine decisions by persons 
not knowledgeable in the technical factors involved. 

7. Excerpt from letter from Chairman, ACRS, to Chairman, AEC, dated 
March 16, 1959: 

“During the review of the S1C, Admiral Rickover commented on the recent 
sea trials of the Skipjack. It was stated that the nuclear powerplant of the 
Skipjack demonstrated completely its stability and reliability during radical 
maneuvering, thus proving the basic emphasis placed on safety by the naval 
reactors group during the design, construction, testing, and operation of naval 
reactor plants is worthwhile. The ACRS continues to consider it essential that 
such basic emphasis on safety be continued.”’ 







II, EXCERPTS FROM LETTERS FROM THE ADVISORY COMMITTEE ON REACTOR SAFE- 
GUARDS (ACRS), AND FROM THE ATOMIC ENERGY COMMISSION EXPRESSING CON- 
CERN OVER HAZARDS OF OPERATING NAVAL REACTORS IN PORT 





1. Minutes of the February 17, 1954, meeting of the ACRS: 
“The committee again recommended for long-range planning that serious 

consideration be given to providing a truly safe base for nuclear powered ships 

where testing, unloading operations, etc., can be conducted without public 

hazards even under wartime conditions.” 

oni baa of July 12, 1957, from the Chairman, ACRS, to General Manager, 

e A ) : 

“The committee believes that the operation of the Seawolf should not be 
unrestricted and would like to see the Navy develop principles upon which suit- 
able ports may be selected and designate certain specific ports for operation 
based upon an evaluation of the hazard problem.” 

3. Letter of September 19, 1957, from Chairman, ACRS, to Chairman, AEC: 

“The committee is concerned that with increasing numbers of nuclear powered 
ships the risks associated with operations in populous ports is intrinsically larger. 
It is suggested that any plans for operations of nuclear ships take this fact into 
consideration. Since the continued safe operation of the Navy’s nuclear powered 
ships has an important bearing on the development of the entire reactor program 
in this country, the committee would be interested in learning of any general 
plans and criteria which the Navy may be developing for the operation of nuclear 
vessels in port.’’ 

4. Letter of March 8, 1958, from Chairman, ACRS, to Chairman, AEC: 

“The ACRS has received OPN AV 03000.5, BuShips 9890.4 and BuPers 1540.38. 
It is sympathetic to the position taken in which nuclear safety is to be insured 
primarily by the action and decisions of personnel trained specifically to deal 
with nuclear systems and their hazards. 

“The committee endorses the present Navy practice to consult with and to 
be guided by the Navai Reactors Branch regarding reactor safety and opera- 
tional procedures for nuclear powered ships. It considers this practice to be 
important and urges its continuance. 

“To maintain the present admirable safety record of nuclear powered ships, 
the committee emphasizes the importance of keeping to a minimum consistent 
with military necessity the number of ports which nuclear powered naval ships 
may enter, pointing out that as the number of nuclear powered ships increase, 
consideration should be given to the designation of ports or bases where multiple 
berthing may be permitted.” 

5. In transmitting the above comments by memorandum dated April 8, 1958, 
the Director of the Division of Licensing and Regulation, AEC, stated: 

“The three operational documents (OPNAV Instruction 03000.5, BuPers 
Instruction 9890.4, and BuPers Instruction 1540.38) seem to us to represent a 
good approach to the problems of operating criteria for nuclear vessels in coastal 
areas. We believe, however, that eventually the Navy may need to make more 
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definitive the boundaries and limitations of the guiding principles (a) to (e) of 
3.d(1) of OPNAYV Instruction 03000.5 within which vessel commanders can make 
decisions in particular situations.” 

6. Memo from Director, Licensing and Regulation, AEC, to Director, Reactor 
Development, AEC, dated May 28, 1958, Subject: Proposed operation of the 
U.S.S. Skate (SSN-578) and Skate follow ships (SSN-579, 583, 584 and SSG(N) 
587): 

“In summary, it is our believe that there is reasonable assurance that the pro- 
posed operations of these submarines can be conducted without undue hazard 
to the health and safety of the public. However, as suggested in our previous 
memorandum of April 8 concerning the criteria and procedures developed by the 
Navy to assure safe operation of nuclear ships in populous areas, we believe that 
it may not be completely adequate to rely on the decisions and judgments of the 
commanding officers in all situations that might develop in the operations of 
nuclear powered vessels. Rather, it is our belief that eventually the Navy may 
wish to make more definitive the boundaries and limitations within which vessel 
commanders can make decisions concerning the operation of their ships in par- 
ticular situations.”’ 

7. Memo from Director, Licensing and Regulation, AEC, to Director, Reactor 
Development, AEC, dated August 29, 1958, Subject: Hazards review of S5W 
core 2: 

“Tn view of the increasing number of nuclear ships now in prospect, we recom- 
mend development of operational policies and procedures under which the present 
degree of safety will not decrease with increasing numbers of vessels. As we 
suggested in our comments with regard to the Skate follow ships, more definite 
guidelines should be available to ship commanders so that their decisions concern- 
ing operation near populated areas may rest on more deliberately prepared bases; 
and, as suggested by the ACRS, there is need for beginning the systematic develop- 
ment of environmental information on coastal areas in which nuclear ship operation 
is contemplated.” 


Representative WEsTLAND. You say an order was sent out by CNO 
and it said a ship could go into a port only if absolutely necessary. 
That order becomes public. How would that affect the operations of 
a ship like the Savannah? 

Admiral Rickover. I would imagine the people on the Savannah 
will take the same precautions. 

Representative WesTLAND. The fact that CNO has come out with 
an instruction accepting the responsibility will be known. Won’t that 
scare people? 

Admiral Rickover. A number of people have asked me about it 
and I have always said—and the words are contained in the CNO 
instruction—that the operation of nuclear submarines is not entirely 
without reactor hazards but should be considered an acceptable risk. 
Our attitude is that we will not unnecessarily take a risk, even a remote 
one. We design the utmost safety into them. We review the design 
and fabrication in detail. Everything involving safety or radiation I 
get into personally. I am only talking about naval ships now, you 
understand. The merchant ship program is not mine. I’m sure you 
are aware that there is concern in some parts of the world about 
nuclear ship going into a port. The Danes not letting the Skate in, 
and the attitude of the British about the Skate entering one of their 
ports are examples. As time goes on this may become more of an 
issue. I say that we have the responsibility to assure the public we 
are not taking any unnecessary or unreasonable risks. 

Representative HotirreLp. The section of the law I quoted earlier 
makes it obligatory for the Commission to retain control of standards 
and criteria by which any of these reactors are built. That responsi- 
bility is centered in the Atomic Energy Commission. 

Senator ANpERSON. Is that applicable both when in our waters or 
out? 
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Representative Houtrretp. I think that any ship that goes into 
international waters is subject to international law. 

Admiral Rickover. Once it gets into international waters, the AEC 
has no control, but wherever it goes the AEC cannot completely 
escape blame if anything goes wrong with the reactor, because the 
national law applies. 

In any case, the port authorities have the right to decide whether 
or not they will permit nuclear-powered ships, or any other type ship 
for that matter, into their ports. What we are doing is that we are 
trying to establish criteria and experience that will indicate to the 
public, and that they will gradually accept, that nuclear submarines 
are safe. 

Senator Pastore. Are we talking about American ports? 

Admiral Rickover. You can’t enter a foreign port either unless 
prior permission is obtained. The Chief of Naval Operations has 
ruled that no nuclear powered naval ship can go into any port unless 
authorized by him. 

Now I will tell you just how safe these plants are and to what degree 
we control the radioactivity. 

I have always insisted that reactor plant designs under my 
cognizance use all reasonable conservatism wherever radiation or 
radioactivity are involved. {am under continual pressure from many 
quarters to relax this conservatism by reducing the weight of radiation 
shielding. I have resisted these pressures and, as a result, our ships 
have been able to meet even the recently decreased permissible civilian 
radiation doses without changes in designs or operating procedures. 
In all matters where shielding, radiation, or safety are concerned, I 
personally go over the designs. I lay it all out and go over it in 
detail and approve it myself. No one else in my organization has that 
authority. I will not delegate that authority to anyone. I consider 
it that important. 

We have gone about as far as we can in reducing radiation and 
increasing shielding. Further restrictions with regard to radiation 
or radioactivity could impair the military effectiveness of our nuclear- 
powered naval ships. This even applies to civilian reactors. Further 
radiation restrictions would also impose an intolerable expense and 
administrative burden on the civilian reactor program. 

Because of the current interest by Congress and the public in these 
matters of radiation I have recently reexamined this subject in con- 
siderable detail and in particular the question of what it would mean 
to reduce the permissible radiation levels still further on our ships or 
at the Shippingport Atomic Power Station. I have reached the fol- 
lowing conclusions: 

First. Using present radiation standards, nuclear-powered naval 
ships and the Shippingport station provide adequate protection for 
the reactor plant operators and for the public. 

Second. Radioactivity discharged to the environment by naval 
reactors and by the Shippingport station is insignificant; it has been 
shown to be so small as to have no detectable effect on the environ- 
ment. The amounts of radioactivity discharged are trivial compared 
with that discharged by some other reactors now considered acceptable. 

Third. Further lowering of the permissible levels of radiation and 
radioactivity would pose serious problems by requiring heavier 
shielding on ships, by restricting the performance of maintenance on 

39991—59 3 
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all reactor plants, by increasing the difficulty of controlling trace 
quantities of radioac tivity in air and waste water, and by complicating 
the problem of measuring and monitoring radiation and radioactivity. 

I will explain the basis for these conclusions in more detail. 

First I will discuss radiation and shielding. 

Present naval reactor shielding meets all existing civilian radiation 
standards and recommendations, and in addition has the following 
built-in factors of conservatism: 

Present AEC radiation standards, based on recommendations by 
the National Committee on Radiation Protection and Measurement, 
permit up to 15 rem in any one year, so long as a person’s s accumulated 
dose does not exceed 5 times his age bevond 18 years. To insure 
always meeting this latter requirement we design our shielding for 
5 rem per year. 

In our designs we make certain conservative assumptions as to how 
long a man might stay, on the average, at various locations, and what 
the average power level of the reactor will be. 

We also design the shielding so that the highest radiation level in 
any compartment will not exceed specifications, and this means that 
the average radiation levels in each compartment are considerably 
lower than this. 

There are many other factors which we cannot predict precisely but 
which help reduce radiation. We do not count on any of these in our 
shielding design. This includes such things as the shielding effect of 
various equipment, contents of tanks, etc. which may not always be 
present. 

These factors give us considerable conservatism for the average 
crew member under average conditions. Our records show that the 
average person in the engineering department of a naval nuclear- 
powered ship has been receiving about one-half rem per year. 

However, the shielding must be designed for the worst case, not the 
average case. The highest doses received by any person aboard 
each nuclear ship thus far have been about 1 or 2 rem per year. In 
addition, there are other factors which will tend to increase the radia- 
tion received by personnel in the future. For example, the Nautilus 
and the Seawolf first operated about 1,000 full power hours per year, 
but current operations of nuclear ships are about double that figure, 
and may increase still further. 

In addition to the normal operating doses, allowance must be made 
for radiation received during maintenance. We must assume that 
as the ships get older the number of hours spent on maintenance will 
increase. 

We must also assume that the radiation levels encountered in re- 
actor plant maintenance will increase as more reactor operating hours 
are accumulated. 

These factors indicate that although radiation doses received by 
naval personnel to date have been low, they may increase, and a 
further reduction in permissible radiation levels would require added 
shielding. Any additional shielding sufficient to effect a significant 
decrease in radiation levels throughout the ship would result in 
serious weight increases. In many cases shield weights could not 


be so increased without direct impairment of military character- 
istics. 
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ace In addition to the question of weight, the problem of monitoring 
ing radiation levels even lower than those now maintained would be 
ity. difficult. Present permissible levels for neutrons are already below 
practical detection limits and dependence must be placed on gamma 
monitoring, supplemented by occasional laborious counting of micro- 
‘lon scopic neutron tracks in special nuclear emulsions. Even the present 
ing permissible gamma levels are so low that they present a difficult 
monitoring problem. 
by Next I will discuss radieactivity in the ship’s atmosphere. 
ent, Present permissible levels for radioactivity in air are also so low 
ited that they are near the limit of detectability of available radiation 
sure monitoring equipment. If these permissible levels were to be reduced 
for auy further, detection and monitoring could become a serious burden, 
since every fluctuation in normal background radiation would have 
how to be assumed to be significant. We are already at the point where 
vhat wristwatches must be sealed up in soldered cans during any sub- 
mergence of more than a few days because radon from the watch dials 
1 in would otherwise build up in the ship’s atmosphere to greater than 
that present permissible levels. This has actually been observed experi- 
ably mentally, and because of this we have prohibited use of radium on 
nuclear submarines for the usual purposes of luminous dials and 
but switches. In the few cases where stock items containing radium were 
our inadvertently brought abroad, their presence was easily detected by 
ot of the ship’s monitoring equipment. This is indicative of how low the 
s be radiation levels are that we are currently maintaining. 

Another aspect of the permissible air activity problem involves 
rage leakage of water from the reactor system. The water normally con- 
| the tains radioactive imputities at or below current permissible drinking 
lear- water levels. Leakage of this water into the air normally creates no 

hazard. However, if permissible airborne radioactivity levels were 
t the decreased, this situation could then be defined as “intolerable” or 
oard ‘not permissible.’’ Not only minor leaks, but routine operations such 
ey as sampling, venting, draining, and minor maintenance could lead to 
adia- | fluctuations in background radioactivity. Decreasing permissible air- 
utilus borne radioactivity levels might require that during such fluctuations, 
year, | if detec'ors .could be built to detect reliably such low levels, all 
gure, perso’ n+l would have to wear respirators. This is not a safe, desirable, 

or effec:ive way to work. This point is particularly important in a 
made | military craft where survival may depend on the crew operating at 
that | maximum effectiveness. 
e will Now let me cover disposal of radioactive wastes. 

Present Navy instructions, worked out in cooperation with the 
in re- AEC and with the U.S. Public Health Service and cognizant local 
hours public health authorities, permit water from nuclear-powered naval 

ships to be discharged into harbors when it contains radioactivity 
d by | less than 100 times the drinking water tolerances defined in National 
ind @| Bureau of Standards handbooks. Reactor cooling water in our ships 
udded | normally runs, at full power, at or near drinking water tolerance for 
ficant | iron 59, somewhat less for tungsten 187, and considerably less for all 
lt iN | other isotopes. Operating instructions to the ships state that radio- 
d not} activity levels 10 times higher than normal indicate undesirable plant 
acter- 


chemistry which should be investigated and corrected. This level has 
never been reached in any of our ships. 
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During 1958 the Nautilus and the Skate together discharged radio- 
active water into New London Harbor a total of 84 times. Each 
time, the quantity of water discharged and its radioactivity were 
measured and rec orded; at no time was the permissible radioactivit 
limit exceeded. The records show that a total v olume of 7,500 gallons 
containing a total radioactivity of only 0.4 curies was discharged. 
Stringent monitoring of the water and air in the immediate vic inity 
of these discharges has never disclosed an increase in environmental 
radioactivity attributable to these dise harges or to any other aspects 
of the operation of nuclear-powered ships. These surveys are main- 
tained by the Public Health Department of the State of Connecticut 
in cooperation with the U.S. Public Health Service, the Navy, and 
the Electric Boat Division. Similar surveys are being carried out at 
all other shipyards building nuclear-powered naval ships and at 
Shippingport. 

Reduction of the limits on waste disposal might require the ships 
to have waste disposal systems for handling and treating wastes. 
These would increase space and weight requirements. As with shield- 
ing, such weight and space increases could impair military character- 
istics of the ships. 

The radiochemistry of the pressurized water reactor, or PWR, at 
Shippingport is similar to that of the naval reactors. The Duquesne 
Light Co. and the AEC voluntarily applied for a waste disposal 
permit from the State of Pennsylvania for the PWR. This permit 
allows the disposal of 0.5 curies per year of mixed radioisotopes into 
the Ohio River, plus 3,600 curies of tritium. Because of its low energy. 
the tritium is difficult to detect and presents little biological hazard, 
By actual measurement, the PWR in 1958 dumped only 0.035 curies 
of mixed radioisotopes into the river, plus 50 curies of tritium. As 
with the naval reactors, no effect on the radioactivity of the environ- 
ment has been detected. 

Finally I will draw some comparisons. 

It should be borne in mind that under present regulations and 
operating procedures naval reactors and PWR discharge quantities of 
radioactivity which are small compared to natural environmental 
variations and trivial compared with other existing sources of man- 
made radioactivity. A few examples may be useful: 

First let’s take wristwatches: As I have stated, the radon from 
ordinary wristwatches produces more airborne activity than is 
currently permissible aboard ship. 

Next let’s take cosmic radiation: The ships’ monitoring equipment 
in engineering spaces and living quarters shows no detectable increase 
when the reactor is started up and brought to power. Yet these same 
detectors show a twofold or threefold decrease in the background level 
when the cosmic radiation aboard is decreased by the ship submerging. 

Then consider fallout and natural background variations: The 
environmental monitoring programs at shipyards and at Shippingport 
cannot detect the radioactivity discharged to the environment by our 
reactor plants, yet they show seasonable variations in natural radio- 
activity and easily pinpoint each major nuclear weapons test by the 
United States, United Kingdom, or the U.S.S.R. 

Now look at waste discharge from other reactors: The 0.4 curies 
per year discharged from Nautilus and Skate together and the 0.035 
curies per year of mixed activity plus 50 curies per year of tritium at 
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the Shippingport Station present a striking contrast with the millions 
of curies per year of metallic radioisotopes discharged by Hanford 
into the Columbia River, or even with the approximately 1 million 
curies of argon 41 discharged into the atmosphere annually by the 
Brookhaven reactor. These figures include only radioactivity 
produced by activation of the reactor coolant; fuel-processing wastes 
are not included. 

Finally, I should like to mention for comparison, weapons fallout: 
The number of curies of fission products produced by 1 kiloton of 
fission weapon detonation is about equal to the number of curies of 
radioactivity discharged by Hanford each year. Since fission prod- 
ucts are more harmful than the same number of curies of the activa- 
tion products discharged at Hanford, it actually takes less than a 
kiloton of fission weapon detonation to equal the total contribution of 
radioactive hazard from Hanford. Of course the radioactivity from 
weapons testing is widely dispersed compared with that discharged 
from Hanford or any other stationary reactor. I am comparing only 
total contribution of radioactivity to the earth’s atmosphere and 
oceans. 

To further illustrate these comparisons I have a little table here 
that shows the equivalent quantities of water which would be con- 
taminated up to the maximum permissible concentrations (MPC’s) 
listed in Bureau of Standards handbooks by waste disposal opera- 
tions and fallout: 


Equivalent amount of water contaminated to 
Reactor: MPC per day (average for 1958) 


(a) Skate and Nautilus (total radioactiv- About 10 gallons each. 
ity dumped into New London Har- 
bor). 


(b) Shippingport Station (including tri- About 3,000 gallons. 
tium). 


(c) Hanford reactor coolant (into river; About 1 billion gallons. 
excludes fuel-processing wastes). 
(d) A 1 kiloton fission weapon detonation. Over 1 trillion gallons per detona- 
tion. 


I recognize the pitfalls of quantitative comparisons between dis- 
similar situations, but I believe the contrast is valid. 

The conclusions then are these: 

Current standards and procedures regarding radiation and radio- 
activity on naval nuclear-powered ships and at the Shippingport 
Station provide adequate and reasonable protection for operating 
A and for the public. 

The total amount of radioactivity released to the environment by 
naval reactors and by the Shippingport Station is trivial, based on 
environmental measurements and on comparisons with other accepted 
sources of radioactivity. 

Any further reduction in permissible levels of radiation or radio- 
activity would create a difficult monitoring and control requirement, 
complicate operating procedures, increase costs of equipment and 
records, and increase weight and size of naval ships. 

If further reductions in permissible levels of radiation or radio- 
activity are enacted, the Navy would have to consider taking excep- 
tion to them for naval application, based on military necessity and on 
demonstrated adequacy of present criteria on naval reactor plants. 

For these reason, the Navy would probably be unwilling to accept 
more restrictive radiation standards, and would have to consider con- 
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tinuing with present practice on the grounds of military necessity and 
experience to date. 

If more stringent radiation standards were to be applied to civilian 
reactors, the resulting expense and regulatory complexity could well 
be a decisive factor in stifling the timely development of atomic energy. 

I believe the public should be aware of these facts I have given you. 
We have kept the local and U.S. Public Health agencies fully informed 
of what we are doing. We work closely with these agencies. I feel 
that we have a definite responsibility to do so. 

Representative Van Zanpt. Have you had any criticism from these 
agencies? 

Admiral Ricxover. No, sir. We have explained to them what we 
are doing, and these public health agencies have always been inter- 
ested and cooperated well with us. 

Representative Van Zanpt. The water that has been dumped into 
the harbor—what will happen to it? 

Admiral Rickover. The water has such a low radioactivity that 
when it is discharged into the harbor it cannot be detected even right 
next to the ship. The discharged water merely becomes mixed with 
the harbor water and flows out to sea. 

Senator Jackson. Would it be possible to dump it only at sea, 
there would be no question? Is it more convenient to discharge it in 
the harbor than at sea? 

Admiral Rickover. In many cases it is not just a matter of con- 
venience; it is necessary to discharge into the harbor. The reactor 
plant must discharge some water when it is being warmed during 
startup; this takes place while the ship is in the harbor. To hold this 
water until the ship is far at sea would require extra tanks and con- 
siderable equipment that would all add significantly to space and 
weight requirements. The radioactivity of the water is so low that we 
are permitted to discharge it directly into the harbor and it is so low 
that it cannot even be detected there. 

Senator Jackson. You mentioned 10 gallons of waste water from 
the ships, Admiral; why can’t this be taken out to sea? 

Admiral Rickover. The 10 gallons is an equivalent quantity of 
water at drinking water tolerance, Senator. By this I mean that if 
you put all the curies of radioactivity discharged by the Nautilus and 
the Skate on an average day into a 10-gallon pail of pure water, the 
pail of water would still meet lifetime drinking water tolerances. The 
volume of the water discharged by the ships actually averaged about 
15 or 20 gallons per day, but its radioactivity was lower than drinking 
tolerance. Of course, a ship will usually go for weeks or even months 
without dumping any water into a harbor; but when it does some 
maintenance or has a startup in a harbor, it has to dump as much as 
several hundred gallons at one time. On a large surface ship this 
could amount to several thousand gallons at one time. To hold up 
thousands of gallons for discharge at sea would take more space and 
weight in the ships than we can afford. 

Senator Arken. How would the danger of radioactivity from the 
airciaft carrier compare with the danger of the radioactivity from a 
submarine? 

Admiral Ricxover. The problem is basically the same. The radi- 
ation and shielding criteria are the same. As I said before, I per- 
sonally go over the shielding design and other aspects of the design 
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involving radiation or safety. I review it and approve it myself. I 
consider it my responsibility. I can assure you that the carrier will 
not present any different or any worse radioactivity problems than the 
submarine. I also look at the personnel records and the training. 
We check up and see that the crews are adequately trained. 

Senator A1rken. These facts that you have given us are not clas- 
sified, are they Admiral? I definitely would like to see them in the 
record if they are not. 

Admiral Ricxover. No, sir. In the Shippingport and naval reac- 
tors programs such information has always been handled on an un- 
classified basis and has been widely disseminated to appropriate 
Public Health authorities, to Congress and to the general public. 
I can give you some examples to illustrate this. 

First, all information on the PWR reactor at Shippingport is cate- 
gorically unclassified, including information on the discharge 
of radioactivity. 

The Duquesne Light Co. of Pittsburgh, Pa. which operates the 
Shippingport Station, and Westinghouse, who designed the reactor 
plant, publish periodic enclanified reports, available to the public, 
which include the latest data on radioactivity in the PWR coolant 
and on release of radioactivity to the environment. In addition, 
Duquesne and Westinghouse report quarterly to the State of Pennsyl- 
vania in accordance with the provisions of a Pennsylvania waste dis- 
posal permit which Duquesne voluntarily applied for. These reports 
include data on waste disposal and also results of a continuing survey 
of radioactivity in the environment near Shippingport and also at the 
AEC’s Battis Plant which is operated for the AEC by Westinghouse. 

The AEC voluntarily initiated an environmental radioactivity sur- 
vey at Shippingport in cooperation with the U.S. Public Health 
Service more than a year prior to PWR operation. I also arranged 
with the U.S. Public Health Service to station a Public Health officer 
at the Pittsburgh Naval Reactors Operations Office of the AEC at 
the Battis Plant to follow developments at Shippingport. 

Then, as you may know, entire reactor safeguards report on 
PWR—15 separate reports—is unclassified and has been given wide 
distribution. 

In addition, detailed reports on radioactive waste handling at PWR, 
at Bettis and at the Knolls Atomic Power Laboratory (KAPL) which 
designs naval reactors and is operated for the AEC by the General 
Electric Co. were prepared especially for the Joint Committee’s hear- 
ings on waste disposal this February. ‘These were detailed technical 
reports; no data or information were withheld. 

Senator AIKEN. What has been your policy on this sort of informa- 
tion regarding the naval reactors? 

Admiral Ricxover. In September 1957, I arranged with the U.S. 
Public Health Service to have a meeting of all interested Public 
Health officials and scientists at National, regional, State, and local 
levels. We gave them all of the information available at that time 
on radioactivity associated with operation of nuclear powered naval 
ships and their land prototypes. An all day discussion of these data 
took place and copies of our technical report summarizing the infor- 


mation were then given to Public Health officials by the U.S. Public 
Health Service. 
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I have also arranged with the appropriate local public health 
authorities, through the U.S. Public Health Service, to conduct con- 
tinuing cooperative radioactive surveys at each location where nuclear 
powered naval vessels are being built. 

A detailed technical report was prepared by my people and sub- 
mitted to your committee in connection with this year’s waste dis- 
posal hearings. 

Representative HouirreLp. I wish that you would supply a copy 
of that report for the record of this meeting; | remember it provides a 
detailed explanation of your current Navy waste disposal instructions 
and criteria, and the technical data which they are based on. 

(The report referred to is attached as an appendix to this record, 
p. 47.) 

Admiral Rickover. In addition, every effort has been made to 
acquaint all pertinent responsible public health and medical authori- 
ties with our data and program in this area and to solicit their com- 
ments. Representatives from the AEC’s Division of Biology and 
Medicine, the Advisory Committee on Reactor Safeguards, the 
National Committee on Radiation Protection and Measurement, the 
Navy’s Bureau of Medicine and Surgery, the AEC’s Division of 
Reactor Development and the AEC’s Division of Licensing and 
Regulation, as well as individual scientists and engineers, have been 
kept fully informed. We have also held detailed discussions on our 
data and plans with prominent and responsible scientists and officials 
in the fields of meteorology and oceanography. For example, we 
have supplied all of our information on waste disposal to the National 
Academy of Sciences Committee on Oceanography which is currently 
publishing a report on waste disposal from ships. 

Senator ANDERSON. I am pleased that you have not withheld any 
of this information, Admiral. I just got a study of fallout that Los 
Alamos finished in 1956 and cleared 2 days afterward and it was just 
cleared by the AEC recently. 

Admiral Rickover. We do feel our responsibility for the public. 
If the public, or your committee, thinks we are not carrying out our 
responsibility, I hope you will say so. I have always tried to put 
myself in your place in determining what we should do. I never 
want your committee to think that I do not feel this responsibility. 
We have to be able to certify that there is no danger. 

Senator ANDERSON. What you have said is that the public need not 
worry about submarines? 

Admiral Ricxover. They need not worry about nuclear submarines 
as long as we keep on watching them as we have. It is very dangerous 
to be negligent where radiation is involved. Everyone must be aware 
of it and act accordingly. There are a considerable number of people 
who are incapable of making a distinction between ordinary death or 
injury and injury by radioactivity. You have to think many years 
in the future. Radioactivity may inflict greater injury on our pos- 
terity than on ourselves. We are responsible for future generations 
too. 

Senator ANpERSsON. Admiral, on behalf of the committee, I wish to 
say that this trip and this meeting have given us an excellent picture 
of the important work you are doing. We have a strong feeling of 
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pride for this nuclear navy, and a great deal of confidence in your 
work. We are highly pleased to have this opportunity to meet with 
Captain Behrens and the fine officers and crew of this submarine. 

Representative Hotrrreip. I would like to say on my behalf and on 
behalf of my colleagues in the House, that we join Senators Anderson, 
Jackson, and Aiken in a feeling of pride and confidence in the opera- 
tions and development of these nuclear submarines and we extend on 
behalf of the Members of the House on the Joint Committee to the 
Admiral and Captain Behrens our sincerest thanks and congratu- 
lations. 

Mr. Ramey. What is the status of the natural circulation reactor? 
Are you any closer to getting any money? What is your situation in 
getting money or authorization for it? 

Admiral Rickover. We are in exactly the same status we have been 
for a long time—on dead center. I told your committee on March 23 
if we didn’t get funds for it this fiscal year we would lose a lot of time. 
As far as I know, nothing has been done. So, unless the Joint Con- 
gressional Committee acts, nothing will be done. 

Senator Jackson. How much is needed to initiate it? 

Admiral Rickover. The total cost for the land prototypes will be 
$18% million. We need authorization for it in fiscal year 1960. We 
need authority to obligate $6 million and to spend $2 million. 

Senator Jackson. Which year? 

Admiral Ricxover. This current fiscal year—the one you are work- 
ing on now, fiscal year 1960. 

Senator ANDERSON. Why do you think the natural circulation sys- 
tem should be developed? What are its advantages? 

Admiral Ricxover. The basic consideration is simply that it is 
simpler. It is more reliable. There are fewer parts. The more 
parts and machinery you have, the more difficulties you have. With 
such a reactor we will be able to eliminate all the primary coolant 
pumps and check valves, and all the electrical supplies and controls 
that go with them. ‘This also makes the plant more efficient and 
quieter. This added reliability is particularly necessary because we 
expect to use these submarines under the ice. We want to make them 
as reliable as possible. 

Representative VAN ZANpT. What does the Director of Reactor 
Development think about this? 

Admiral Rickxover. Dr. Libby asked him to appoint a board to look 
into the natural circulation reactor. He convened this Board and then 
recommended to Dr. Libby that we go ahead. But the Commission 
still took it out of the budget. Year after year the General Advisory 
Committee to the AEC meets and accuses me of not being venture- 
some enough. Recently another committee set up by one of the offices 
in the Department of Defense said I wasn’t venturesome enough. 
Yet whenever I want to do something I can’t get support. What does 
one do in a situation such as this? It is completely illogical and 
contradictory. 

(Discussion off the record.) 

Representative Van ZANpr. Has the Department of Defense set a 
military requirement for the natural circulation reactor? 

Admiral Rickover. Yes, sir. 
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Representative Van Zanpr. Will you put the letter into the record? 
Admiral Ricxover. Yes, sir. 
(The letter referred to follows:) 

ASSISTANT SECRETARY OF DEFENSE, 


Washington, D.C., September 3, 1958. 
Mr. Joun A. McConpr, 


Chairman, U.S. Atomic Energy Commission, 
Washington, D.C. 

Dear Mr. McCone: Recent studies indicate that it is feasible to develop a 
pressurized water reactor plant for submarine application in which the reactor 
coolant would be circulated by natural convection, eliminating the need for the 
large coolant pumps, coolant check valves and associated electrical power equip- 
ment required in current designs. Successful development of a natural circula- 
tion reactor could result in substantial improvement in simplicity, reliability and 
inherent safety of naval pressurized water reactor plants. These potential im- 
provements are highly desirable, particularly for nuclear submarines which may 
operate in Arctic regions. 

It is therefore requested that the Atomic Energy Commission undertake the 
early development and test of a natural circulation pressurized water reactor plant 
of (classified) shaft horsepower for submarine application. 

Your cooperation with the Department of the Navy in the development of this 
plant will be greatly appreciated. Detailed guidance in connection with the 
development will be furnished through the Naval Reactor Branch of the Bureau 
of Ships. 

Sincerely, 
HERBERT B. LOPER, 
Assistant to the Secretary of Defense (Atomic Energy). 

Senator ANDERSON. What about the Shippingport reactor? 

Admiral Rickover. We designed that reactor for 60,000 kilowatts 
of electricity. When we started working on it we hoped that we 
might get more power. Accordingly, there was installed at Shipping- 
port a generating capacity of 100,000 kilowatts. About a year ago 
we started to design the second core for the reactor. As the develop- 
ment of the core and its fuel elements progressed, it became apparent 
that we might be able to get as much as 150,000 kilowatts out of the 
core. Your committee and the AEC authorized us to develop the 
Shippingport plant, and the cost to the Government and to the 
Duquesne Light Co. has been about $120 million. 

Now by spending another $20 million we can increase the plant 
generating capacity to 24% times the original rating of 60,000 kilo- 
watts. It is also possible that when we get to the third core for 
PWR we may get still more power I therefore would like to put 
in an additional turbogenerator of 75,000 kilowatts capacity, to 
bring the total capacity to 175,000 kilowatts and permit us to take 
full advantage of the potential of the Shippingport plant. However, 
before we can proceed with this, the necessary funds have to be appro- 
priated. Of the $20 million needed approximately $15 million is for 
the increase in generating capacity and $5 million for modifications 
to the reactor plant. 

Incidentally, the difference in cost between a 50,000-kilowatt and 
a 75,000-kilowatt generator is small, so that it is worthwhile to put 
in the larger size generator to be sure that we can test the plant to 
its maximum power capability. I have discussed with the chairman 
of the Dusquene Light Co. the possibility of Dusquesne furnishing 
the $15 million for the generator expansion, and he is currently 
studying this. It will take about 3% years to install this generating 
equipment, and so if I do not get the money and authority to pro- 
ceed with this modification this fiscal year, the plant will not be ready 
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to test the full capacity of the new reactor core, and the project will 
be delayed considerably. Actually all I need to spend in fiscal year 
1960 is about $2 million. 

I have been asked: Instead of increasing the generating capacity at 
Shippingport, why not install a condenser to get rid of the excess 
steam generated by a 150,000 kilowatt core? While this is technically 
feasible, I believe that the waste of such large amounts of energy 
would be unwise and unjustifiable. It would be a waste of our most 
valuable material resource just to burn up uranium and dump the 
steam into a condenser. The Nation can make good use of all the 
electric power it can get. 

Another suggestion we have had is to not increase the Shippingport 
generating capacity but to install a second core of only 100,000 kilo- 
watt capacity instead of 150,000 kilowatts. I1f we did this, we would 
never really find out if the Shippingport reactor plant is capable of 
putting out any more than 100,000 kilowatts. The whole reason for 
designing and building the Shippingport plant in the first place, and 
the intent of Congress in approving it, was to advance our reactor 
technology so that people both here and abroad can benefit. Also, 
the design of a 100,000-kilowatt core is technologically easier than a 
150,000-kilowatt core, so we would not be faced with solving difficult 
problems which we must face and solve if we are to make real advances 
in this reactor business, advances which are necessary if we are ever 
to make competitive atomic power. 

As I have said before, if I don’t get some money and authority this 
fiscal year the project will be delayed considerably. 

Representative Hotir1eLp. Are you requesting $5 million to do the 
alterations or are you asking for the full $20 million? 

Admiral Rickover. You could provide in the legislation for the 
entire amount if industry doesn’t furnish any. 

Senator ANDERSON. They have to come up with the money, or 
forget it. 

Admiral Rickover. Would you want to spend more later and have 
a delay, tao? 

Senator ANDERSON. We will be going into partnership with a public 
utility. You will get into a whole lot of objections on that. It isa 
good deal for us, but it is also a good deal for Duquesne. 

Representative Ho.tirreLp. We could make it “‘providing Duquesne 
puts up $15 million.” 

Senator ANpmRsON. If it is put that way, you might get some 
support for it. You know the Comptroller has written a letter about 
that plant up there. 

Senator Jackson. How long before Duquesne will let you know? 

Admiral Rickover. Probably a couple of months. They have to 
figure what power they are going to need in that area in the future. 
It is a large expenditure for them. They are now paying us 8 mills 
per kilowatt-hour, which is about what their oldest plants cost them. 

Senator A1rken. What are we getting out of it? 

Admiral Rickover. Two and one-half times the power from the 
same basic reactor plant. If we don’t do it now, it will cost much 
more later. The whole industry both here and abroad is depending 
on the PWR information and what we are doing to advance the re- 
actor art. 


299 REVIEW OF NAVAL REACTOR PROGRAM 


Representative Hoxirretp. The $20 million you speak of would 
consist of $5 million for the change in reactor plant to adapt it to new 
generator equipment, and the generator machinery would be around 
$15 million. That would not take into consideration the cost of the 
reactor core? 

Admiral Rickover. We have separate money for the development 
of the core. We are going ahead with the research and development. 
But I can assure you you will make more progress for less money by 
going ahead now with the 175,000-kilowatt modification. 

Representative Houirrevp. I think it might be well to call a repre- 
sentative of the company before the committee and ask him. 

Admiral Rickover. I am meeting with Mr. Philip Fleger, chairman 
of the board of the Duquesne Light Co., Monday, to discuss this 
matter with him. 

Representative Ho.trretp. It might be proper to ask AEC Chair- 
man McCone to take it up with Mr. Fleger. 

Admiral Rickover. Last Tuesday Mr. McCone spoke to the 
Edison Electric Institute in New Orleans and told them that the 
second PWR core is estimated to produce 150,000 kilowatts of elec- 
tricity and that the third core might even exceed that. The point 
of issue is that we definitely want to have sufficient generating capacity 
in time to exploit this potential. I hope you will authorize it in this 
year’s bill. 

Senator Jackson. In other words, you are suggesting that we write 
into the bill $5 million, contingent upon Duquesne coming up with $15 
million. I would be in favor of that. 

Admiral Rickover. Yes, sir; but, in order not to delay the project, 
you could provide in the legislation for the total amount, in the event 
industry does not furnish it. 

Senator ANDERSON. Captain Wilkinson, we are happy you are here 
with us. Would you care to comment on the operations of our nuclear- 
powered ships? 


STATEMENT OF CAPT. E. P. WILKINSON, UNITED STATES NAVY 


Captain Witxinson. Having had the honor of taking you and other 
members of your committee on your first nuclear submarine ride 4 
years ago, it is a great pleasure to be with you again on this trip. The 
Nautilus was the culmination of a major scientific effort under the 
inspired leadership of the admiral and was made possible by your sup- 
port. Most of my Navy career has been spent at sea. How a ship 
performs at sea means a lot tome. It has to be reliable; it has to run 
far and fast. The Nautilus ran and ran. I could count on her. In 
the 4 years since she was commissioned, a lot has happened. We have 
in the Skipjack a submarine that is entirely different. It is easier to 
get at her machinery for maintenance, so that people working at sea 
in case of necessity can fix it and keep it going for a long period of time. 
I know that this can’t be done cheaply. The things that count—such 
as reliability, speed, maneuverability—they mean much to me. 

It is fabulous that so much has been done in these 4 years. 

Captain Behrens and his crew are to be congratulated on their han- 


dling of this new model that is so important to the security of our 
country. 





REVIEW OF NAVAL REACTOR PROGRAM 23 


Senator Pastore. As you build new ones you make improvements 
and you have to build and try them out. 

Admiral Ricxover. It is more than that, sir. A lot of programs 
that are presented to your committee are just paper studies, and you 
never can tell what will come of a paper study, if anything. 

A few weeks ago there was an article in one of the Sunday newspaper 
supplements stating that a man had invented the Nautilus in 1946. 
Well, Jules Verne did it long before that, and Buck Rogers was using 
an atomic bomb in the comics in 1930. A mere idea and a little 
paperwork is not enough. There is hardly a single idea that is new. 
What really counts is to take an idea, fight for the authority to do it, 
establish the organization, find and train the necessary scientists and 
engineers, justify to Congress the large sums of money involved, 
worry over and solve the thousands of technical difficulties. Well, 
about $200 million and 8 years after the 1946 “idea,” and with the 
devoted efforts of many, many hundreds of scientists and engineers, 
and the active participation of many hundreds of companies, we 
finally had the Nautilus. 

Ideas and paper studies alone do not solve anything. You run into 
no trouble until the instant you start the designing and development 
and the manufacture of the new items. Actually, it would have made 
no differences if Jules Vernes had never written about the Nautilus. 
No matter what new thing comes out, there will always be thousands 
of people to say that they were the first ones to have the idea. 

Senator Pastore. I asked you earlier whether or not the Skipjack 
made the Nautilus obsolete. Let’s assume that the Russians had a 
Nautilus and we had one. Then they get a Skipjack. Would our 
Nautilus then be obsolete? In other words, it is not obsolete if you 
compare it with a conventional submarine. 

Admiral Rickover. Right, sir; the Skipjack can make it pretty 
tough for the Nautilus. 

Representative VAN ZANnp1. In your new submarines, will you get 
any more speed out of them? 

Admiral Rickover. I can’t answer that right now. If we redesign 
it, we may. Higher speed usually means more displacement, more 
machinery. You always hope for higher speed. Speed is important, 
because it may make the difference between catching up with a ship 
and sinking him or just watching him pull away. You can’t sink him 
if you can’t catch him. 

Representative Van Zanpt. On the high seas in rough weather, 
surface ships have to slow down. The Skipjack does not. 

Admiral Rickover. You have been on surface ships and you know 
that in a rough sea you can’t maintain a high speed. I was on a 
battleship once that could only make 8 knots in a heavy sea, even 
though we were using close to full power. 

Representative HotirreLp. How much could she make in a calm 
sea? 

Admiral Rickover. Twenty-one knots. I think the Skipjack might 
set a record in a winter crossing of the Atlantic. 

During the war we learned from hard experience that surface ships 
have to slow down in heavy seas. We had cases of the flight decks of 
aircraft carriers being damaged by the seas when too high a speed was 
attempted. 
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Before I close my testimony, Mr. Chairman, I would like to thank 
the Westinghouse people at the Bettis plant for the outstanding job 
they did in the design of the Skipjack powerplant. And I want to 
thank Electric Boat and Mr. Shugg for the very fine job they have 
done. They have designed and turned out these fine ships. The 
Navy’s Board of Inspection and Survey has just completed its inspec- 
tion of the Skipjack and | understand they found it in as fine a state 
of readiness for war as any new ship they have inspected. 

Senator ANpEeRsoN. Mr. Shugg, any comments? 


STATEMENT OF CARLTON SHUGG, GENERAL MANAGER, ELECTRIC 
BOAT DIVISION, GENERAL DYNAMICS CORP. 


Mr. Suvuaa. I would like to say for the several thousand Electric 
Boat employees that this is more than just a job for them. They are 
interested in these ships personally—they are devoted to this new 
nuclear submarine program and its development and many of them 
work overtime to get the job done correctly. 

Senator Jackson. It is a real privilege to have Mr. Shugg aboard. 
I have known him for many years. He was operating Hanford for 
the AEC at the time the Soviets exploded their first atomic bomb. 
I think it is fortunate that he is in this field. He is a distinguished 
graduate of the Naval Academy—graduated third in his class, or was 
it. first? 

Mr. Suuaa. Second. 

Representative Van ZanpTt. How many subcontractors were there 
for these submarines? 

Admiral Rickover. About 500 or 600 I believe. A sizable portion 
of these are small business firms. Some of our statistics on this are 
reported in a July 1955 report of the Senate Small Business Com- 
mittee. The Small Business Committee stated in this report that we 
had approached 90 percent of the small-business potential. Our 
record since then has been just as good. 

Senator ANpERsoN. Thank you Admiral Rickover. And thank 
you, Captain Behrens, for having us aboard to see the Skipjack and 
to be present when the records were broken. I hope you will tell your 
men how much the members of this committee appreciate it. 

Representative Hotrrietp. I would like to suggest that we prepare 
an appropriate news release for the subcommittee that is assembled 
here and also a message of congratulations to the people that build 
these fine submarines. 

Senator ANDERSON. I will have one prepared. 

(The news release referred to follows:) 


Joint CommiITtTEE oN Atomic ENnerGy, ConGREss OF THE UNITED States 
Apr. 12, 1959, for immediate release] 


Two new performance records of the USS submarine Skipjack were announced 
today by Senator Clinton P. Anderson, chairman of the Joint Committee on 
Atomic Energy upon his return from an overnight trip on the submarine with 
six other committee members and Vice Adm. H. G. Rickover, USN. 

Senator Anderson stated: 

“‘While underway and submerged, the Joint Committee held an official com- 
mittee meeting, during which time the Skipjack was going faster and deeper than 
any known submarine in history. For security reasons, I can only say that we 
were deeper than 400 feet and moving faster than 20 knots. In 1955 some of us 
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also travelled on the Nautilus and we were impressed today by the many technical 
advances and substantial increases in performance that have been achieved in 
Skipjack, including speed, maneuverability, and endurance.” 

In addition to Chairman Anderson, the following committee members were 
aboard: Senator John O. Pastore (R.I.), Henry M. Jackson (Wash.), George D. 
Aiken (Vt.), and Congressmen Chet Holifield (Calif.), James E. Van Zandt (Pa.), 
and Jack Westland (Wash.). 

During the recordbreaking trip, the committee members and staff were given 
a thorough tour of the new submarine, and participated in high speed maneuvers. 

At the underwater hearing held in Skipjack’s wardroom, Admiral Rickover 
gave a presentation on the accomplishments of the Skipjack and new develop- 
ments in the naval reactors program. In response to questions, the Admiral 
explained the safety features of the reactor design and operation of the Skipjack. 

The committee members stated that the Electric Boat Co. and other partici- 
pating industrial companies deserved congratulations for a job well done. 

Senator Anderson, on behalf of the congressional committee, thanked Com- 
mander William W. Behrens, Jr., USN, the Commanding Officer of the Skipjack, 
for the hospitality extended by him, his officers and crew, and for the expert way 
they put Skipjack through its paces. 

In closing, Senator Anderson said: 

‘“‘We are impressed with the tremendous advancements that have been made 
in the 4 short years that have transpired since the first atomic submarine went 
to sea. 

“The country and all our citizens can be proud of Admiral Rickover and his 
fine team for achieving for the United States technological leadership in the field 
of nuclear ship propulsion. The committee, on behalf of the Congress, will 
recognize these accomplishments at its forthcoming public ceremony, Wednesday, 
April 15, 1959, when we will present to Admiral Rickover the special Congres- 
sional Medal authorized by Congress last year.” 

The committee and Admiral Rickover were accompanied by Capt. E. P. Wilk- 
inson, USN, Commander Submarine Division 102; Carleton Shugg, vice president, 
General Dynamics Corp., Electric Boat Division; and James T. Ramey, Execu- 
tive Director of the Joint Committee Staff. 


(The hearing adjourned at 9:43 p.m.) 





NAVAL REACTOR PROGRAM AND ADMIRAL RICKOVER 
AWARD 


WEDNESDAY, APRIL 15, 1959 


CoNnGRESS OF THE UNITED STATES, 
JointT COMMITTEE ON Atomic ENERGY, 
Washington, D.C. 

The Joint Committee on Atomic Energy met, pursuant to call, at 
2:30 p.m., in room G-—308, New Senate Office Building, Washington, 
D.C., Hon. Clinton P. Anderson (chairman) presiding. 

Committee members present: Senators Clinton P. Anderson 
(presiding), John O. Pastore, Albert Gore, Henry M. Jackson, Bourke 
B. Hickenlooper, George D. Aiken, and Wallace F. Bennett; Repre- 
sentatives Carl T. Durham, Chet Holifield, Melvin Price, Wayne N. 
Aspinall, James E. Van Zandt, William H. Bates, and Jack Westland. 

Other Members of Congress present: Hon. Lyndon B. Johnson, 
majority leader, U.S. Senate; Hon. Everett M. Dirksen, minority 
leader, U.S. Senate; Hon. Herbert C. Bonner, chairman, Merchant 
Marine and Fisheries Committee, House of Representatives; Hoa. 
Carl Vinson, chairman, Armed Services Committee, House of Repre- 
sentatives; and Hon. Clarence Cannon, chairman, Appropriations 
Committee, House of Representatives. 

Representatives of the Atomic Energy Commission present: 
Hon. John A. McCone, Chairman; and Vice Adm. Hyman G. Rickover, 
Chief, Naval Reactors Branch. 

Committee staff members present: James T. Ramey, executive 
director; John T. Conway, assistant director; David R. Toll, staff 
counsel; Thomas J. Foley and George E. Murphy, Jr., professional 
staff members; Edward J. Bauser, technical adviser, Joint Committee 
on Atomic Energy. 


STATEMENT OF HON. CLINTON P. ANDERSON (NEW MEXICO), 
CHAIRMAN, JOINT COMMITTEE ON ATOMIC ENERGY 


Chairman ANDERSON. Because of the pressures on the Members of 
the House and Senate I think we will proceed, although some of our 
distinguished guests will be arriving a little later. 

I do want to explain, ladies and gentlemen, that this is a beautiful 
room and | regret very much that we had to upset its beauty by 
arrangement with the Architect of the Capitol to permit these tele- 
Vision stands to be erected. There are galleries with equipment for 
taking pictures which could be utilized. However, since this is the 
first time this room has been tested this way it was felt these stands 
would serve much better. Also, a special lens is in reality required 
from the far booth and they were not available. They will be avail- 
able in 3 or 4 days. Therefore we paid the price that all people pay 
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who are trying something for the first time—s little flaw develops. 
I am as sorry about it as I can be. The fault is that we didn’t have 
a chance previously to become familiar with all of the circumstances 
surrounding its use. 

I appreciate very much the many friends of our distinguished guest 
of honor who are here today, particularly those who wear the proud 
uniform of the U.S. Navy. We are extremely proud of our distin- 
guished guest and extremely proud of the people who have come 
here today to pay him honor. May I say also that it is a matter of 
great personal joy to me to have on the platform the very able and 
distinguished Chairman of the Atomic Energy Commission, Hon. 
John McCone. Would you rise and take a bow, please? [Applause.] 

This illustrates the working of pure democracy. We fixed another 
place for him, put the card in it, and then wouldn’t let him sit there. 
That is as much choice as people have in this world. 

I am happy that the officials of the Westinghouse Co., where a great 
deal of Admiral Rickover’s work has been done, are here, and I express 
my appreciation to Mr. Mark Cresap and the others who have come 
here also to honor our distinguished guest. 

The Joint Committee on Atomic Energy is honored to have with us 
today those distinguished Americans to whom Congress has entrusted 
its leadership. We meet on behalf of the Congress to present a special 
gold medal to Vice Adm. Hyman G. Rickover. 

Last year, in the 85th Congress, a joint resolution was enacted 
unanimously authorizing the Chairman of the Joint Committee on 
Atomie Energy to confer this medal on Admiral Rickover. 

The text of the resolution is in your program and I shall read only 
a few words from it. 

Resolved by the Senate and House of Representatives of the United States of America 
in Congress assembled, That in recognition of the achievements of Rear Admiral 
Hyman George Rickover, United States Navy, in successfully directing the de- 
velopment and construction of the world’s first nuclear-powered ships and the 
first large-scale nuclear power reactor devoted exclusively to production of 
electricity, the Chairman of the Joint Committee on Atomie Energy, on behalf of 
the Congress, is authorized to present to Admiral Hyman George Rickover, United 
States Navy, an appropriate gold medal. * * * 

Since 1947 Admiral Rickover has been primarily responsible for the 
application of atomic energy and nuclear power to the propulsion of 
naval vessels, and in the annals of modern science and technology 
there have been few efforts more successful than his. 

He has contributed immeasurably to the defense of our Nation and 
concurrently demonstrated the peaceful intentions of the United 
States in atomic energy. He directed the development and construc- 
tion of the Shippingport Atomic Power Station—the first full-scale 
peaceful atomic plant in the United States. 

Within the Navy Admiral Rickover made possible a new strategic 
weapons system of paramount importance in the missile age—the 
first ballistic missile submarine. 

His attack submarines promise the control of the seas in event of 
war. 

The voyage of the Nautilus and the Skate under the North Pole— 
and this bottle which Admiral Rickover brought along with him is not 
a special elixir for throats of individuals who may be speaking here 
but is water from the North Pole. It ought to be cutbeled out drop 
by drop I am sure, but I want you to see that it is very similar to the 
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water you get at the South Pole if you have been there. (Laughter.) 

The trip of these ships under the North Pole contributed 
immeasurably to the prestige of the United States following events like 
the Soviet sputnik. Members of the Joint Committee on Atomic 
Energy have just returned from a voyage on the Skipjack during 
which we set two records: we went to a record depth and then traveled 
at a speed greater than any submarine ever attained. 

May I just say to you that the task of trying to preside at a meeting 
of the Joint Committee at that depth is no small task because these 
sly individuals keep commenting on that fact that we are giving the 
deepest thought to our problems and so forth that anybody could ever 
give. 

Anyhow, because of Admiral Rickover our science is richer—our 
Nation is stronger. 

Over the years it has been the custom of the Joint Committee to 
have Admiral Rickover meet with us for an annual report on the 
naval reactors program. It occurred to us that it would be fitting and 
in keeping with the workaday atmosphere of his naval reactors pro- 
gram if we heard today from the admiral on his work with submarines 
and at Shippingport. 

I am, therefore, going to let him go part way through his report 
and then we are going to break in because some of the Members of 
Congress have some additional responsibilities for which they must 
leave. Then we will return to his report. This is also in the best 
tradition of the Joint Committee on Atomic Energy which has to 
sometimes jump from subject to subject. 

Admiral Rickover, it is a tremendous honor and pleasure to present 
you to this fine audience and to give you an opportunity to comment 
on the reactor program. 

In the tradition that we have developed we bring Admiral Rick- 
over in and he doesn’t prepare an address. We ask him a question 
and let him freewheel. This will be no different from the ordinary. 

Admiral Rickover, how many submarines, ships, and powerplants 
have been built or are under construction or authorized? This would 
be commonly known as the James Van Zandt question. Jimmy Van 
Zandt, who is a good captain of the Naval Reserve—and whom I 
found to be an excellent navigator of the Skipjack—generally starts 
with this question, so we will start with it today. 


STATEMENT OF VICE ADMIRAL HYMAN G. RICKOVER, CHIEF, 
NAVAL REACTORS BRANCH, ATOMIC ENERGY COMMISSION 


Admiral Ricxover. Thank you, Senator Anderson. Congress has 
authorized a total of 33 nuclear-powered submarines. Of the 33, 
5 are presently in operation and the others are either under construc- 
tion or shortly will be under construction. Twenty-two of the sub- 
marines are attack submarines. Nine will be capable of carrying the 
Polaris-type missile. One, the largest submarine in the world, the 
Triton, will be a radar picket submarine which will be fast enough to 
operate with a task force; the last one is asubmarine which will carry 
Regulus guided missiles. 

In addition to the submarine program, Congress has also authorized 
a nuclear-powered aircraft carrier which is being built by the Newport 
News Shipbuilding & Dry Dock Co. at Newport News, Va. Congress 
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has also authorized a nuclear-powered guided missile cruiser and a 
nuclear-powered fleet destroyer; both are being built by the Bethlehem 
Shipbuilding Co. at Quincy, Mass. 

The naval reactors program is carried out by a group of 120 engi- 
neers and scientists at my Washington headquarters who supervise 
the work of the scientists and engineers of our three nuclear labora- 
tories. These are the Bettis Laboratory at Pittsburgh, Pa., which is 
operated for the Atomic Energy Commission by the Westinghouse 
Electric Corp.; the Knolls Atomic Power Laboratory at Schenectady, 
Nad; operated for the Atomic Energy Commission by the General 
Electric Co.; and the Windsor Laboratory at Windsor, Conn., which 
is owned and operated by Combustion Engineering. At these labora- 
tories there are about 2,000 scientists and engineers together with the 
supporting people, who work in the naval program. There are, of 
course, many other additional scientists and engineers who work for 
the subcontractors who are designing equipment for our program. 

We have designed and built five land prototypes for the various 
types of nuclear-powered ships we are building. These land proto- 
types are located at the Atomic Energy Commission’s Nuclear Re- 
actor Testing Station at Idaho Falls, Idaho; at West Milton, N.Y.; 
and at Windsor, Conn. At these places the first model of each nuc lear 
plant is tested to determine whether it is suitable. We also conduct 
many nuclear and engineering experiments in these plants. The total 
cost of the naval nuclear program to date is about $800 million. This 
figure includes the cost of building all of the laboratories, of building the 
five land prototypes, the cost of all the research and development 
from the beginning of our program, and even the cost of the propul- 
sion plants of the first two nuclear submarines, the Nautilus and the 
Seawolf. We are currently spending on research and development 
about $100 million a year, of which 85 percent is supplied by the 
Atomic Energy Commission, and 15 percent by the Navy. 

I believe that the members of the Joint Committee and many in 
the audience are aware of the tremendous benefits that can be derived 
from having nuclear power inasubmarine. World War II submarines, 
which operated in the Pacific and did such a valiant job for our Navy 
and our country were only able to make about 10 miles an hour for 
only 1 hour, after which they were no longer able to operate sub- 
merged because the storage batteries were exhausted. In fact, hardly 
any submarines ever used more than half their storage battery capac- 
ity because they had to reserve battery capacity to permit escape in 
the event they were attacked by the Japanese. 

Nuclear-powered submarines, on the contrary, can travel almost 
indefinitely at far higher speeds than the conventional submarines. 
The conventional submarines simply are not capable of making any 
such high speed. In fact, even today the most modern nonnuclear 
submarines can only make about 18 knots for half an hour. The 
Nautilus and all our other nuclear submarines can make 20 knots and 
more. The 20-knot figure was stated by President Truman when 
he laid the keel for the Nautilus in 1952, and we have not been au- 
thorized to disclose a hizher figure since that time. I hope that the 
Republican administration will permit us to give a new figure. A 
conventional aircraft carrier can go about 5 000 miles continuously at 
full power; the nuclear-powered carrier will be able to steam at full 
power for about 90,000 miles. The conventionally powered fleet 
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destroyer can go about 2,000 miles at full power; the nuclear-powered 
fleet destroyer will be able to go about 150,000 miles. 

Representative DurHamM. Admiral, I suppose that since we have 
had a Van Zandt question we should also ask what we call the Mel 
Price question because Mel has done such an outstanding job in the 
Research and Development Subcommittee. What new develop- 
ments, such as the Skate going under the North Pole, have occurred 
in the past year? 

Admiral Ricxover. The most important development from a 
technical standpoint is the considerable increase in the life of the 
nuclear cores which has greatly extended the cruising range of our 
nuclear-powered ships. This is due to the fact that we have learned 
how to design and build the nuclear cores in such a way that they will 
last for much longer periods of time. The increased life is obtained 
with practically no increase in cost because the major part of the core 
cost is the fabrication. We can now get cores that last two or three 
times as long as the first one. We thereby cut the cost proportionately. 
The tremendous advantage of being able to operate a naval vessel in 
wartime for indefinite periods of time without having to return for 
refueling is obvious. 

Another advancement has been our ability to use computing 
machines to help us design nuclear cores. We spend several million 
dollars a year developing and using new computing machine methods. 
For example, a calculation which used to require 3 months and many 
physicists can now be done in less than a day. We just would not be 
able to develop our advanced reactor cores without these machines 
and the techniques we have developed for using them. 

Another event that has happened is that two new submarine build- 
ing yards have demonstrated their ability to construct nuclear- 
powered submarines. These are the Mare Island (California) Naval 
Shipyard and the Portsmouth (New Hampshire) Naval Shipyard. 
We have also arranged for additional commercial shipyards to engage 
in building nuclear-powered submarines. The Ingalls Shipbuilding 
Co. at Pascagoula, Miss.; the Newport News Shipbuilding & Dry 
Dock Co. at Newport News, Va.; and the New York Shipbuilding Co. 
at Camden, N.J. So you see we have considerably expanded our 
facilities from the early days when the Electric Boat Division at 
Groton, Conn., the builder of the Nautilus, the Seawolf, the Skate, 
the Skipjack, and the 7; riton, was the only commercial yard building 
nuclear-powered submarines. 

Another item that may be of interest is the industrial strength we 
have developed to build the many items of equipment needed for our 
nuclear-powered ships. As you may know, the facilities for building 
airplanes and missiles are somewhere about 98 percent owned by the 
U.S. Government. I decided, in establishing the manufacturing 
capacity to supply us with our nuclear components, that it should be 
100 percent industry owned, and that not one dollar of Government 
money would be used to build these facilities. 

Thus, we have now established at least three sources of supply for 
every item we use, and so we are able to buy the components for our 
nuclear plents on a competitive lump-sum basis. And these compo- 
nents are being made in facilities that are wholly owned by the 
companies themselves. In fact, we do not even give these companies 
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the benefit of a certificate of necessity, which permits a fast amortiza- 
tion of the facilities. This lump-sum competitive purchase of parts 
applies to all the nuclear and machinery parts, including even the 
reactor cores. 

There have been operational developments in the past year too, 
Mr. Durham. To illustrate this, I would like to give you some of the 
records that have been established. 

The Nautilus, on her first nuclear core, steamed more than 62,000 
miles. A conventional submarine would have used about 2 million 
gallons of oil in going this distance. And this oil would have required 
a line of tank cars more than 1.5 miles long. On her present second 
core, the Nautilus has already steamed more than 80,000 miles, and 
still has energy left in the core. We are now designing nuclear cores 
that should enable ships to operate for an entire war without refueling. 

The Nautilus last year steamed nonstop from Honolulu to England, 
a distance of more than 8,000 miles, during which time she traveled 
1,830 miles under the polar ice cap. The Skate a few days later went 
under the North Pole from the other direction, east to west, and 
then made the shortest circuit around the earth that has ever been 
made. She went around the earth in 1 hour. She was only 1 mile 
from the pole, but it is still the record. I suppose some day an air- 
plane will just spin around the pole and so make it in even shorter 
time; nevertheless, today the Skate holds the record for circumnavi- 
gation of the globe. 

To give you an idea of what a nuclear powerplant can do, in 1956 
I had the plant of the Nautilus land-based prototype at Idaho Falls, 
Idaho, operated for 66 days and nights continuously at full power. 
The distance a submarine would have gone during that period at that 
power is twice around the world. For conventional ships, the require- 
ment for acceptance by the Navy is that the plant be able to operate 
for only 4 hours at full power; but we ran that propulsion plant for 
66 days and nights continuously at full power. Last year the Seawolf 
stayed completely submerged, on a military exercise for 60 days. 
She traveled 13,000 miles during that time; she was completely 
independent of the earth’s atmosphere. 

Just a few days ago, the Skate again steamed under the North Pole. 
This time she was under the polar ice for 3,000 miles continuously; 
she demonstrated that we can operate our submarines at will in the 
Arctic. ‘This also means that when we have developed submarines 
that can carry Polaris ballistic missiles, these submarines can remain 
undetected in the dark polar seas, hidden from an enemy. If an 
enemy dared to attack the United States; even if he were successful 
in destroying the United States, he will know that he himself would 
inevitably be destroyed. 

Representative DurHAm. How thick was the ice? 

Admiral Rickover. The ice in the polar region varies with the 
time of the year. It varies from about 30 feet to 40 feet to nothing in 
some places. The Skate carries equipment on board by which she can 
tell roughly where the ice is not too thick to break through. She was 
able to ‘‘punch”’ her way through the ice 10 times on this recent polar 
voyage. 

Another most significant record was set by the Sargo. She left the 
Mare Island Navy Yard in January of this year and steamed nonstop 
for 19,000 miles in the Pacific. She returned to port about 24% months 
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later. Of this 19,000 miles, 18,880 were fully submerged, and only 
120 miles were on the surface. 

This brings out another important fact about our nuclear sub- 
marines. They travel nearly all of their time fully submerged—at 
the present time about 85 percent. They can go much faster sub- 
merged than on the surface because their hulls are designed for 
submerged operations, and they do not have to worry about weather 
or rough seas. For example, the Skipjack, which is our fastest sub- 
marine, can travel about 10 knots faster submerged than on the 
surface. 

Some of the very fine officers who have piloted these ships are in 
the audience. I am more proud of what these young men have done 
than I am of what we have done with atomic power. With officers 
such as these and their highly devoted crews, there is nothing our 
country cannot do. They are the finest men in the finest military 
organization in the world. When people of their caliber are exposed 
to the challenge and opportunity of our nuclear power program, the 
results go beyond all expectations. Not only do we get these out- 
standing operating crews, but individual officers and sailors go on to 
do an outstanding job in other parts of the Navy as well. 

For example, about 20 times as many sailors are selected, propor- 
tionately, as officer candidates from our nuclear power program than 
from the entire Navy. One out of every six sailors who has been in 
the nuclear power program has already been selected for officer pro- 
grams. Of course, these men represent a loss to the nuclear power 
program, and an additional training burden to us, but the Navy as 
a whole benefits immeasurably. 

Chairman ANDERSON. Admiral, if you will let us break in, we will 
introduce a couple of other people and come right back to you. 

I am very happy that some of my old associates from the House 
of Representatives are here today. I appreciate it tremendously. 
When I went into the House in 1941 next to me was a young Con- 
gressman from North Carolina. I want to ask Herbert Bonner to 
stand up. Congressman Bonner. [Applause.] 

At that time everyone conceded the greatest expert on naval affairs 
in the Congress of the United States was Carl Vinson of Georgia. 
Carl. [Applause.] 

He is just a few months behind Sam Rayburn in his record for 
longevity as a Member of the House and he is certainly one of its 
finest Members. 

Everyone who tries to get an appropriation from the House Appro- 
priations Committee knows what an easy time he has with Clarence 
Cannon. [Applause.] 

I want to say to him that it was my great honor to serve under 
him when I was in the House of Representatives and he is truly one 
of our great public officials. 

I see a great many Senators in the audience. I hope I will see a 
food proportion of them. There is Senator Javits of New York. 

‘ould you rise please? [Applause.] 

I saw Senator Prescott Bush a minute ago. Is he still in the audi- 
ence? Where is John Taber? 

John, we should have you right up here. You were supposed to be 
up here. [Applause.] 
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I am happy to bear eloquent testimony to the fact that John Taber 
is one of the truly fine people in the House of Representatives and if 
I dared take time on the program I could give you a sample out of 
my own life. 

Strom Thurmond, would you rise please? [Applause.] 

Are there other Members of the Senate or House here? 

Senator Fulbright is way back there. I don’t know why the chair- 
man of the Foreign Relations Committee went that far back into the 
audience, but apparently he has things on his mind. 

Congressman Rabaut of Michigan. Mr. Congressman, will you 
stand up? [Applause.] 

Congressman Anderson of Montana. [Applause.] 

Senator Saltonstall. [Applause.] 

Congressman Boland of Massachusetts is here. I am going to ask 
him to stand up. [Applause.] 

May I say that all of us—some 46 Senators who have served in the 
House of Representatives—are as proud as we can be to be known as 
Sam Rayburn’s boys. It is a matter of tremendous regret to me that 
the Speaker of the House of Representatives, beloved on both sides of 
the aisle, found it impossible to be here today. 

The Speaker sent me this note. 

I regret very much that because of the situation on the floor of the House at 
the present time, I will be unable to be present for the ceremonies in connection 
with the conferring of the special Congressional Medal on Admiral Rickover. 
Please convey to him my very best wishes. 

I trust that his outstanding abilities may continue to be used for the benefit of 
the welfare of the people of the United States and for the world. 

With every good wish, I am 

Sincerely yours, 
Sam RaAyYBuURN. 

Senator Kuchel, you were supposed to do some reading. [Applause.] 

He got back there and so, as is customary, he loses the floor. I will 
read then a little note which the Vice President of the United States 
sent over. 

It is a genuine honor for me to be able to extend my congratulations to Vice 
Adm. Hyman G. Rickover in connection with the special tribute being paid him 
today. 

No man could be more deserving than Admiral Rickover of the special Con- 
gressional Gold Medal being presented to him on this occasion. His vision, 
skill, and tenacity in successfully directing the development and construction of 
the world’s first nuclear-powered submarines has added immeasurably to our 
military strength. And his contribution in the development of the world’s first 
large-scale nuclear-power reactor devoted exclusively to production of electricity 
opens new vistas for progress for the United States and the world in the years 
ahead. 

I regret that I am unable to be personally present at the ceremony today and I 
hope, through this message, I can convey in small measure the great debt of 
gratitude every American owes to him for the unique service he has given our 
Nation. 

Ricuarp NIxon. 

[Applause.] 

May I just say that I know the Vice President planned to be here 
but there are some matters arising today which made it impossible 
for him to be here in person. I appreciate his sending this message 
along as I do the action of the Speaker. 

Because of a situation in the Senate, which is in session, I am 
going to break the program just a little bit and present to you a very 
fine team. As everyone knows, the Senate has been extremely fortu- 
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nate over the past few years in having a majority leader and a minority 
leader who were able to work together and who were able to preserve 
that great feeling of comradeship that we like to have in the Senate 
of the United States. 

First of all it will be my pleasure to present to you the dynamic 
leader of the majority in the Senate of the United States whose vision, 
whose courage, and whose drive are bringing great rewards to the 
American people, the Honorable Lyndon Johnson of Texas. [Ap- 
plause.] 


STATEMENT OF HON. LYNDON B. JOHNSON (TEXAS), THE 
MAJORITY LEADER IN THE SENATE OF THE UNITED STATES 


Senator Jounson. Mr. Chairman, my colleagues in the Congress, 
Admiral Rickover, and my fellow Americans, Congress is made up 
of a very proud group of men and women. We take pride in our work, 
in its results, and in many achievenmients. But there is nothing ip 
which we take more pride than we do in the work of the Joint Com- 
mittee on Atomic Energy. That committee is presently headed by 
my friend, the junior Senator from New Mexico, Mr. Anderson. He 
is the kind of legislator that every State ought to have at least one 
of—experienced in the executive branch of the Government, a grad- 
uate of the Appropriations Committee of the House of Representa- 
tives where they spend the money, and of the Ways and Means Com- 
mittee where they raise the money. 

He came to the Senate and in a very short time the late Vice 
President Alben W. Barkley assigned him to the Joint Committee 
on Atomic Energy. I don’t think I exaggerate when I say I believe 
this committee, under the leadership of Clinton Anderson and Carl 
Durham, has the complete confidence of the Members of the U.S. 
Senate. 

I am very proud that along about the time of my birthday last year, 
Clint Anderson came to me in a hurry and said that he had a little 
resolution that didn’t cost much money but would bring great results 
to this Nation which he wanted passed by unanimous consent. Before 
I had a chance to call it up I found that he was going to pass it by 
unanimous consent because he had practically every Member of the 
Senate as sponsor of it. 

That is the reason we are here today. We meet here to honor a man 
and to honor an achievement—to honor an uncommon man and an 
uncommon achievement. I heard Clinton Anderson introduce my 
delightful and wise and talented friend from Georgia, under whom | 
served 12 years, as the outstanding “expert on naval affairs.’’ Clint, 
I am going to correct you and I want you to accept an amendment. 
I am going to strike the word “naval,’’ and substitute “‘military’”— 
because one of the outstanding experts in this country on our armed 
services is Carl Vinson. 

Now, notwithstanding the provisions that Uncle Carl has made for 
the armed services throughout the years—and he has been a zealot, he 
has been a perfector, he has been a defender, he has been an aggressor 
he has attempted to see that they had more than some of them wanted 
and to take away some that people didn’t want to give—nevertheless 
when it came to launching this uncommon man on this uncommon 
venture, we had to renovate a restroom to provide him with an office. 
We hadn’t made a provision for that in our services. 

3999159 _—-6 
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However, as a result of his dynamic personality, as a result of his 
outstanding leaderslup, as a result of his ability to command men and 
respect, today we occupy a position of leadership in at least one field 
that would not be ours except for Admiral Rickover. 

So we meet here today to honor you and as a result of the resolution 
initiated by this great committee, Admiral, I think we should say to 
the rest of the world that you are our secret weapon. You are a 
symbol of the “can do”? man. There are plenty of us who can find 
15 reasons why something that ought to be done, can’t be done, but 
there are very few of us who can cut through red tape, slash through 
the “can’t do” folks and get on with the job. You have done that. 
You have brought pride to the Navy. You have been an inspiration 
and a stimulating exampie to every young men in this country. 

I asked a friend of mine this morning over a cup of coffee what he 
thought I ought to say this afternoon. He said, “Not very much but 
I think you ‘might say that I want to send my boy to the Naval 
Academy because Admiral Rickover has demonstrated what a scientist 
with education and determination can do for the world. I think that 
is what I am going to ask my boy to do.” I don’t think there is a 
finer tribute could be paid to you than for the fathers of the land and 
the sons of the land to want to follow in your footsteps. 

It is a great privilege to be here with you. I express the gratituce 
of a grateful Nation for the many successful jobs that you have done 
that will help us to preserve peace not only for this Nation, but fer 
freedom loving people everywhere. [Applause.] 

Chairman ANprErRsoNn. Now it is my privilege to present the other 
part of the Senate leadership team. He is a man who, like Senator 
Johnson, had his early training in the House of Representatives, who 
early established a fine reputation there and who as a Member of the 
U.S. Senate has quickly risen to a position of prominence and leader- 
ship in that body, the Honorable Everett Dirksen, minority leader 
of the U.S. Senate. [Applause.] 


STATEMENT OF HON. EVERETT M. DIRKSEN (ILLINOIS), THE 
MINORITY LEADER IN THE SENATE OF THE UNITED STATES 


Senator Dirksen. My friend and chairman, Senator Anderson, our 
very distinguished guest, Admiral Rickover, my friends, associates, 
and colleagues. I suppose, Admiral, if I were thinking in terms of 
any other kind of an award that might be bestowed upon you today, 
we might ask the Navy to set up a new rank or a new classification 
and just call it subnik and confer it upon you, sir. That probably 
would go a long way. 

But I am delighted to be here today to pay testimony and to con- 
gratulate you and to think in terms of a slightly larger implication of 
this ceremony. It is rather easy to classify and to recognize those 
impellent forces that carry men on to action. Probably at the head 
of the list we would set self-preservation because it is the deepest and 
most enduring thing in the human life. Next to that we might set 
acquisition of property because in all of us there is a pardonable desire 
to acquire a little something. in this mundane j at 

Then we might set reputation; not merely the reputation that 
ensues from a blameless life, but rather the reputation that ensues 
from achievement and recognition that causes men, like fuel to the 
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fire, to strive for it and in the doing they enrich not only themselves 
but enrich their own country and mankind. Probably it might be 
referred to as a vanity, but if it is, it is one that is the most pardonable 
vanity and it is the most justifiable vanity that I know. 

And so, Admiral, today as we do testimony to you, and as we con- 
gratulate you on extraordinary achievement, I like to think that this 
great Republic has not yet gotten so ponderous, has not yet gotten so 
bureaucratic, has not yet gotten so impersonal that we cannot express 
our gratitude and appreciation for those who through fidelity and 
dedication to service and devotion have enriched the country and have 
enriched their fellow man. I hope, therefore, that people will take 
account of this day as a testimony to the fact that there is recognition, 
and in proportion, as we tap one of the great and impelling powers 
that has carried mankind along the march of progress for so long. 

And so I am delighted, Admiral Rickover, to have a small part in 
this ceremony; first to congratulate you, second to pay my respects 
and finally to utter the earnest hope that it will be something of a 
reminder to all people—men and women, young and old, rich and 
poor—that there is still an expressionable gratitude within the capa- 
bility of this country. 

I congratulate you, sir. [{Applause.] 

Chairman ANprERSON. Weren’t those two fine statements from 
these fine Senate leaders? They have to leave us now. They have to 
return before this program is over. Let’s give them a hand as they 
go back to their jobs. [Applause.] 

I have been waiting for the arrival of a particular person so I could 
make two introductions. Now I would like to ask Secretary Gates of 
the Navy and the Chief of Naval Operations, Adm. Arleigh Burke, 
to please stand for a moment. [Applause.] 

Thank you both very much for being here to honor this naval 
officer. 

We are going back to the questions for a few minutes. Then we 
will come back to the introduction of the members of the Joint Com- 
mittee and the business of the afternoon, at which, after all, we have 
not yet arrived. 

Admiral, would you tell us a little bit about the future of Shipping- 
port? It is a great nuclear powerplant, What about its future plans? 
Can you furnish us for the record a history of the project since its 
inception? 

(The history referred to is contained in the appendix, p. 59.) 


STATEMENT OF VICE ADMIRAL HYMAN G. RICKOVER—Resumed 


Admiral Rickovrer. The Shippingport project was authorized by 
Congress so that the United States could learn about the real problems 
of atomic power by actually building and operating this first large- 
scale central station atomic powerplant. 

We broke ground for that plant in September 1954, and on Decem- 
ber 2, 1957, it first started operating. We designed, developed and 
constructed that plant in just about the same time it takes to build a 
conventional central station plant. To date, the Shippingport plant 
has generated more than 280 million kilowatt-hours of electric power. 
It is running right at this minute at its rated output of 60,000 kilo- 
watts. 





38 REVIEW OF NAVAL REACTOR PROGRAM 


The plant was designed by the Bettis Laboratory at Pittsburgh, 
Pa., which is operated for the Atomic Energy Commission by the 
Westinghouse Electric Corp. It is being operated by the Duquesne 
Light Co., and it is furnishing electric power to the city of Pittsburgh. 

The reactor core of that plant has already lasted longer than we 
expected it would. For example, we expected that the “seed” part 
of the core—that is a technical term—would only last for 3,000 full 
power hours. It has already run more than 4,400 full power hours 
and we expect it will last as high as 6,000. Similarly, the remaining 
portion of the core, the “blanket,” we expect will run for twice what 
we anticipated. 

In order to continue with progress we must design new reactor 
cores, so about a vear ago, after obtaining approval from the Atomic 
Energy Commission and getting the research and development funds 
from the Congress, we started to design a new core. Recently, after 
considerable design work, we found that we could design that core 
to generate about 150,000 kilowatts of electrical power instead of the 
60,000 which the plant is currently generating. I have asked the 
Atomic Energy Commission for funds to make the necessary altera- 
tions to increase the generating capacity of the plant to permit utilizing 
the full 150,000 kilowatts. 

At Shippingport we run a school where we train operators from 
U.S. utilities and from those in foreign countries in the operation of 
central station atomic plants. Since Shippingport is the only one in 
the United States—in fact the only one in the world—which was 
designed for the sole purpose of producing atomic power, this school 
should prove to be very valuable for other atomic powerplant 
operators. 

In designing and building the Shippingport plant, we used the same 
svstem we are using for developing our naval plants. 

The naval program is conducted by a combined Atomic Energy 
Commission, Navy, congressional, and industrial team. The joinin 
of a civilian and a military organization, together with wonesiodondl 
interest and help, and industrial know-how affords us the opportunity 
to work fast—which is inherent in a totalitarian state—while at the 
same time retaining the advantages of a democracy. The control of 
money for our program is still retained by the elected representatives 
of the people and the congressional committees provide us with counsel 
and supervise us. This meeting today is a living example that the 
Congress, who represent our people, can call a public servant to 
account for what he does. This, of course, the people in a totalitarian 
state cannot do. 

At Shippingport we have learned many lessons. The Shippingport 
project led the way in developing uranium oxide for use in large scale 
reactors. Uranium oxide is a brownish powdery material which we 
use for fuel instead of metallic uranium. Nearly all other designers of 
large scale reactors in the United States have now adopted uranium 
oxide. The European countries, as well, have adopted it. The vari- 
ous units such as the pumps, the pressure vessel, the pressurizer, the 
reactor control, the reactor control drive mechanisms, and a thousand 
other items which we developed at Shippingport are also being copied 
by other reactor designers. We are proud of the compliment of being 
copied both here and abroad. That, of course, is one of the main 
reasons for the Shippingport project. 
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We have learned so much from the Shippingport project—and from 
the development of naval reactors too—I wish I had time to tell you 
more about it. 

Chairman ANDERSON. Could you give us a list to insert in the 
record? 

Admiral Rickover. Yes, sir. I would be glad to. 

(The material referred to will be found in the appendix, p. 71). 

Admiral Rickxover. It is frequently said that the electricity from 
the Shippingport reactor is expensive. It is necessarily so. In 1854, 
when electric power was first being discussed in this country, scientists 
and engineers said that it would never be practicable because they 
proved “it would cost about $2 a kilowatt-hour. The Shippingport 
station is in somewhat the same position for atomic power as elec- 
tricity from coal was about a hundred years ago. ‘True, our costs 
are high, but it must be borne in mind that we are operating this 
plant primarily to develop scientific and technical information and 
not merely for the sake of producing electricity. 


STATEMENT OF HON. CLINTON P. ANDERSON-——Resumed 


Chairman ANDERSON. I se2 out in the audience Congressman 
Yates from the home district of our distinguished guest. Would 
you stand up please? [Applause.] 

The program calls for comments by members of the Joint Com- 
mittee and my comments will be in connection with something 
entirely different, but I do want to present the members of the Joint 
Committee who are here. Will you each stand please? 

Mr. Westland of Washington. [Applause.] 

Mr. Aspinall of Colorado. [Applause.] 

Mr. Bates of Massachusetts. {Applause.] 

Mr. Hosmer of California. [{Applause.] 

Mr. Van Zandt of Pennsylvania. [Applause.] 

Mr. Holifield of Califormia. [Applause.] 

Senator Pastore of Rhode Island. [Applause.] 

Senator Hickenlooper of Iowa. [Applause.] 

Senator Gore of Tennessee. [Applause.] 

Senator Aiken of Vermont. [{Applause.] 

Senator Jackson of Washington. [Applause.] 

Senator Bennett;of Utah. [Applause.| 

I am their spokesman in this next matter. There is a resolution 
of the Joint Committee on Atomic Energy, which is in vour program, 
but I shall read the text of the resolution and then present to Admiral 
Rickover the original text with the signatures of all the members of 
the Joint Committee. 

Whereas Vice Adm. Hyman George Rickover, U.S. Navy, has served his country 
faithfully and with great honor as a naval officer; and 

Whereas as a result of his unstinting drive, organizational ability, and technical 
ner the United States produced the world’s first nuclear-powered ships; 
an 

Whereas Admiral Rickover has dedicated his efforts and creative ability to the 
furtherance of the U.S. efforts to continue its nuclear technological lead in the 
world today; and 

Whereas the advances in reactor technology made under the direction of 


Admiral Rickover have,resulted in the development and construction of the first 
full-scale nuclear powerplant in the United States; and 
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Whereas Admiral Rickover for many years, in testimony before the Joint 
Committee on Atomic Energy, has willingly given the committee the benefit of 
his knowledge and advice and thus greatly assisted the committee in fulfilling its 
responsibilities; and 

Whereas in recognition of the achievements of Admiral Rickover and his team 
in the field of military and peaceful uses of atomic energy, the Congress of the 
United States has awarded to him a special gold medal: Now, therefore, be it 

Resolved, That the members of the Joint Committee on Atomic Energy do 
hereby express their appreciation of the great accomplishments of Admiral Rick- 
over and his assistance to the Joint Committee over the years; and be it further 

Resolved, That the members of the Joint Committee on Atomic Energy do 
hereby convey to Admiral Rickover their heartfelt congratulations on the occasion 
of the award to him this day of the Congressional Gold Medal. 

Admiral Rickover, it is a joy to present this to you on behalf of the 
Joint Committee on Atomic Energy. [Applause.] 

While the press photographers are getting a picture I am going to 
say to you that the next report from a Member of Congress will come 
from the vice chairman of the committee who is alternately the chair- 
man of the committee and who, in my opinion, is one of the truly fine 
Members of the Congress of the United States and certainly one of 
the finest men we could possibly have on the Joint Committee, Carl 
Durham of North Carolina. [Applause.] 


STATEMENT OF HON. CARL T. DURHAM (NORTH CAROLINA), 
VICE CHAIRMAN, JOINT COMMITTEE ON ATOMIC ENERGY 


Representative DurHam. Thank you very much, Mr. Chairman, 
Admiral Rickover, and distinguished guests. It is certainly a very 
great occasion for me this afternoon. I might say, Admiral, that the 
sun shines brighter today than it did in 1946, 1947, and 1948, those 
struggling days in first initiating your idea and other ideas that came 
from the laboratories. Although it has been said many times, I would 
also like to say in connection with this occasion that no great man 
accomplishes very much without the loyal support of his wife and 
associates. It gives me a great deal of pleasure this afternoon to look 
back in the audience and see the faces of Mr. Simpson, the General 
Manager, and others from Bettis Laboratory who have made up, I 
believe, one of the greatest teams of scientific personnel ever put 
together anywhere in the world. Those of you who have not visited 
there and have not looked at it should certainly do so. 

Admiral, on behalf of my colleagues on the Joint Committee and 
also speaking for myself perso ially, I want you to know how greatly 
we appreciate what you and your excellent team have done for the 
United States and the free people of the world. 

Under your personal direction, the Naval Reactors Branch of the 
Atomic Energy Commission, and the Navy Bureau of Ships have 
succeeded in obtaining for the United States world leadership in 
nuclear ship propulsion which, today, cannot be challenged anywhere 
in the world. ‘The five U.S. nuclear submarines currently at sea and 
the many more nuclear submarines and surface ships under construc- 
tion and planned serve as testimony to your early foresight, dedicated 
devotion, and dermined effort. 

I would like to say at this point also that I, as a member of this 
Joint Committee, want to thank every member of the Appropriations 
Committee of the House for the way in which they have backed this 
program without hesitation, 
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Your outstanding accomplishments in the naval program alone are 
sufficient to induce a grateful Nation to honor you which we are 
attempting to do here this day. In addition, however, your country- 
men are indebted to you and to your team for the fact that the United 
States of America has today in operation the first full-scale nuclear 
powerplant devoted exclusively to the production of electricity at 
Shippingport, Pa. 

We on the Joint Committee through long and close association 
know the tremendous obstacles and difficulties you had to overcome 
to achieve these accomplishments for the United States. 

We on the Joint Committee are honored today to join with our 
colleagues in the U.S. Congress and, on behalf of a grateful Nation, 
to thank you and your team for what you have done with the hope that 
you will be able to continue in the years to come in your important 
work. |Applause.] 

Chairman Anpzerson. I have two telegrams which I desire to read 
One is from Albany, N.Y., addressed to Vice Adm. Hyman G. 
Rickover: 

New York State shares in the pride and satisfaction that 1 know you and all 
of your friends must feel today. his recognition by Congress of your pioneering 
achievements in atomic energy is certainly most appropriate and weil deserved. 
It is especially gratifying to New Yorkers who are privileged to have some of 
your most important work carried on within our borders. Congratulations. 

Neutson A, ROCKEFELLER. 

[Applause.] 

Then there is a wire from Schenectady. 

Congratulations, from the city of Schenectady, on gold medal, a most appro- 
priate honor in view of your important role in development nuclear power ships, 
This is a tribute well earned. 

Mayor KENNETH 5S. SHELDON. 

What a bad Chairman Iam. | notified Senator Hickenlooper that 
I would appreciate it if he would move down here and he said, ‘‘Am 
I supposed to say anything?” I had forgotten to notify him, but that 
isn’t necessary because Senator Hickenlooper is one of the real pioneers 
in the work of the Joint Committee, a long time ago its chairman and 
steadily one of the finest members that we have, regular in his attend- 
ance and devoted to his work. 

I am happy indeed to present to you the distinguished senior Senator 
from Iowa, Senator Hickenlooper. 


STATEMENT OF HON. BOURKE B. HICKENLOOPER (IOWA), A 
MEMBER OF THE JOINT COMMITTEE ON ATOMIC ENERGY 


Senator HickeNLooperR. Thank you, Senator Anderson. Congress- 
man Durham, my colleagues, Admiral Rickover, and guests, this is 
indeed a significant milestone in the development of science in the 
United States and in the national defense. Those of us who have 
been in this atomic energy business since its inception have seen some 
fantastic and, from the standpoint of a few years ago, unbelievable 
developments. 

This accomplishment, for which we are honoring Admiral Rickover 
today, is one of the great series of accomplishments of America. We 
started out almost 200 years ago and we made the breakthrough on 
political accomplishments in which we established the greatest exper- 
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iment in human living that the world had ever seen. Then getting 
down to the practical we established the clipper ships—and that was 
quite an accomplishment for those days. We came along and did a 
lot of other things. We dug the Panama Canal. Then skipping to 
the modern age we developed the ability to produce fission of the 
atom so that useful power in quantities could be released. Now we 
have succeeded in pioneering in that great field of almost unexplored 
portions of the earth, the undersea regions, by the successful building 
of atomic submarines which are true submarines and whose true 
element is under the surface of the water rather than on it. 

We have not always honored sufficiently those who have spear- 
headed these developments in the past, but today we are honoring 
most deservedly and most enthusiastically Admiral Rickover whose 
courage, drive, foresight, and determination have done more perhaps 
than that of any other one man to develop this breakthrough in a 
new, area, not only for industrial and peacetime uses but for the 
military in the defense of our country. 

I have known Admiral Rickover for a great many years, I have 
watched him and his activities and I assure you that he is a dedicated 
American. He is a great American. He has done a tremendous job 
for his country and perhaps in the long run, the job for the world will 
overshadow the benefits to his country. 

Admiral Rickover, I am honored indeed to participate here today 
in this ceremony in which you receive this medal from the Congress 
of the United States, but I am more honored in having been able over 
the years to participate with you in some small way through com- 
mittee activities and otherwise in the development and fruition of this 
great new step forward in atomic progress. 

Thank you. [Applause.] 

Chairman AnpErson. Thank you and now the final speaker before 
the presentation. 

J am going to introduce to you the man to whom we all have to 
turn when a Navy problem comes up within the committee; a man 
who has had experience with the Navy, who is a naval captain and 
who knows what the Navy is supposed to do and never lets the joint 
committee forget. If there is anyone in a Navy uniform who wants 
to know who is the staunchest Navy defender in Congress, I will say 
it is the next speaker, one of the most lovable, likeable and fr iendly 
members of our committee, whom we are all privileged to call our 
friend, Jim Van Zandt. [Applause.] 


STATEMENT OF HON. JAMES E. VAN ZANDT (PENNSYLVANIA), 
A MEMBER OF THE JOINT COMMITTEE ON ATOMIC ENERGY 


Representative Van Zanpr. Senator Anderson, Admiral Rickover, 
my colleagues, ladies and gentlemen, this is a happy occasion for the 
Members of the minority on the House side. We have worked with 
the majority on both sides of this committee to make possible this 
unique event here today, an event when we honor not only a dis- 
tinguished naval officer, but a distinguished American who through 
his perseverance and his insistence has given to his country an item 
of national security of which we are most proud. 

If you will pardon a personal reference to the Admiral, I would 
like to mention that when I joined the Joint Committee immediately 
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after my separation from the Navy back in 1946, I was told there 
was a fellow in the Navy Department, by the name of Rickover 
who was very much interested in the development of a _nuclear- 
powered submarine. Having been a sailor in the Navy when they 
had coal ships and knowing ‘the problems we have when we take on 
fuel oil today, I asked about this nuclear power in ships and was 
given a complete rundown. It was a matter of a year or more until 
I met Admiral Rickover and said to him, ‘‘What can I do?” He 
said, “Just keep quiet and get reelected.”” That was the beginning 
of a long period of friendship I have enjoyed with the Admiral. 
He has made many friends and he has made many enemies, but he 
has had one objective and that is the development of nuclear power 
not alone for the submarine, but for the other types of craft so 
necessary to the Navy. 

While we honor him today I would like to take the privilege of 
paving honor to others. We have here today Arleigh Burke, Chief 
of Naval Operations, who has stood up and fought for the program. 
I see Admiral Mumma who heads the Bureau of Ships who stood up 
in the same way and supported Admiral Rickover as did the Secretary 
of the Navy from my own State of Pennsylvania, Tom Gates. 

As I look around I see some of those devoted officers of the Navy 
and civilians with whom Admiral Rickover has surrounded himself 
and in whom exists an esprit de corps the like of which I have never 
found in my some 40 years of experience in the Navy. Also here 
today is Captain Wilkinson who commanded the Nautilus, Com- 
mander Calvert, Captain Laning. I am sorry Commander Anderson 
is not here and Commander Behrens who is commissioning today the 
USS Skipjack at New London. All of these officers have played a 
part. So today while we honor Admiral Rickover we also honor 
those naval officers and likewise the enlisted men of the Navy who 
have made possible this program and who will take these submarines, 
these carriers, cruisers and destroyers to sea and fight for America 
and in so doing give the American people the security to which we 
are entitled. 

I congratulate you, Admiral Rickover again on behalf of the minor- 
ity Members of the House side of the committee. [Applause.] 


STATEMENT OF HON. CLINTON P. ANDERSON—Resumed 


Chairman ANDERSON. Just privately he did a pretty good job of 
speaking for all of us. Now that he has done that, I think there are 
three captains here who ought to stand up: 

Captain Wilkinson, the first nuclear submarine commander, now 
commander of a nuclear squadron. Will you stand up, Captain? 
[Applause] 

Commander Calvert of the Skate. [Applause.] 

Commander Brooks of the Sargo. [{Applause.] 

Captain Laning, former commander of the Seawolf. [Applause.] 

John (Chairman McCone), would you come up here and help me? 

I asked Mr. McCone to come over. This is not a part of the pro- 
gram, but he has been so helpful in the work that Admiral Rickover 
has done and is doing, that I did not want this ceremony to go on 
without the Chairman of the Atomic Energy Commission. 
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On instructions of the Congress of the United States, in behalf of 
the American people, with their gratitude and appreciation, it is my 
privilege today to present to you that recognition which a democracy 
can give to its deser ving citizens. 

Different countries have different ways of rewarding distinguished 
and meritorious achievements. In Great Britain a man who was 
personally responsible for giving his country a position of world leader- 
ship in submarine warfare might well be elevated to knighthood; in 
Belgium such a man might receive the Order of the Crown. Holland 
might bestow on him the Order of the Lion and Sweden the Order of 
the Polar Star. France could give him the Legion of Honor or Greece 
the Order of the Redeemer. 

But this United States is not a country of heraldry. Our high 
awards, such as the Congressional Medal of Honor, are usually reserved 
for valor on the battlefield. For this reason, the Congress of the 
United States, beginning with the birth of our Nation in 1776, has 
ordered gold medals struck to honor the Nation’s outstanding citizens. 
The first gold medal bestowed by congressional resolution was given to 
General Washington in 1776. ‘The medal honored him in connection 
with the seige of Boston. 

Since that time the Congress has ordered gold medals bestowed on 
a long list of distinguished citizens: Cornelius Vanderbilt, Cyrus Field, 
the Wright Brothers, Thomas Edison, Charles Lindbergh, General 
George Marshall, General John Pershing, General Billy Mitchell, 
and the famed Army Surgeon General Walter Reed. The most 
recent recipients were Vice President Alben Barkley in 1949 and Dr. 
Jonas Salk in 1958. 

Incidentally we ran a special research project to find out how many 
admirals before you had been aaaeieher with gold medals by act of 
Congress and the research wasn’t extensive enough so I don’t guarantee 
it, but as far as I have been able to determine you are the third U.S. 
Navy admiral to be so honored. ‘The other two were the famed Polar 
explorer, Richard Byrd, and the man who made such a contribution 
to World War II, Fleet Adm. Ernest J. King. That, I am sure, is 
illustrious company but no better than you deserve. A gold medal 
was presented to John Paul Jones, but he was never an admiral in the 
Navy of this country. He was an admiral in the Russian Navy. 
Silver and bronze medals have been presented to other naval heroes, 
among them Admiral Perry and Admiral Dewey. 

I have no further wish to test your patience. On behalf of the 
people of America, I hand you this symbol of your success, a medal of 
achievement from the Congress of the United States, with the hope 
that it will remind you of your great services to the country, our great 
devotion to what you have done and the long years you have been 
associated with the Navy of the United States. 

I congratulate you in behalf of the Congress of the United States. 
[Applause.] 

Admiral Rickover. Senator Anderson, Mr. Durham and other dis- 
tinguished members of the Committee and the Congress, ladies and 
gentlemen; there are times when one is too deeply moved to express 
his feelings. How can I put into words my gratitude, as I stand 
before you—the busy leaders of our great country who have taken 
time out from your heavy responsibilities—to honor me. It is not 
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enough that I thank you from the bottom of my heart. I speak not 
only for myself but for all the devoted and hardworking members of 
the naval reactors group when I pledge that we shall continue our work 
with renewed enthusiasm and strength. We shall let nothing deter 
us from building a nuclear Navy in the shortest possible time. 

My colleagues and I know—and I am confident it will become 
known to everyone—that without the Committee’s active help on 
countless occasions, and the continuous support of the Congress, we 
should not now have a single nuclear ship. 

For your never-failing understanding, your friendship, and your 
kindness in awarding me this medal, I thank you. [Applause.] 

Chairman ANDERSON. On behalf of the Congress and the Joint Com- 
mittee on Atomic Energy may I thank each one of you for being kind 
enough to be here this afternoon and to say I know Admiral Rickover 
well enough to know that if just one or two of you—or maybe all of 
you—want to shake his hand, this is a good occasion to do it. 

Thank you very much. 

(Whereupon at 3:45 p.m. the meeting was adjourned.) 
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APPENDIX 1 
RADIOACTIVE Waste Disposat From U.S. Navat NucieAar-PoWERED SuHIps 


(Date: January 1959; prepared by T. J. Iltis and M. E. Miles, Nuclear Propulsion 
Divisions, Bureau of Ships, Department of the Navy) 


(Approved by: H. G. Rickover, vice admiral, USN, Assistant Chief of Bureau 
for Nuclear Propulsion) 


I. SUMMARY 


The purpose of this report is to: (1) describe the sources and nature of radio- 
active wastes from U.S. naval nuclear-powered ships, (2) outline and discuss the 
established waste disposal procedures used for these ships, and (3) summarize the 
measurements made to detect any effect of wastes discharged by the first ships 
on the radioactivity of their harbor environs. 

The basic criterion adopted for disposal of radioactive waste from U.S. naval 
nuclear-powered ships is that disposal should not increase the average concen- 
trations of radionuclides in the surrounding environment by more than one-tenth 
of the maximum permissible concentrations for continuous exposure listed in 
National Bureau of Standards Handbook 52. Actual data from the operating 
ships shows that the radioactivity of their wastes is consistently low and has had 
no detectable effect on the radioactivity of their environment. 


II. INTRODUCTION 


A. General description of U.S. naval nuclear powerplants 


All nuclear-propelled U.S. naval ships now planned, in construction, or in oper- 
ation are powered by pressurized water reactors. In these reactors, pressurized 
water circulating through the reactor core picks up the heat of the nuclear reac- 
tion. The reactor coolant passes through heat exchangers which transfer the 
heat to water in a steam system. The steam system water is converted to steam 
and is then used as the source of power for the propulsion plant as well as for the 
auxiliary machinery. 

B. Principal sources of radioactive waste 

The principal source of radioactive waste from all nuclear-powered naval ships 
is the reactor coolant water which contains small quantities of activated im- 
purities. The largest amounts of reactor coolant water are discharged when this 
water expands as a result of bringing the reactor plant up to operating tempera- 
ture. This normally happens a few times per month on each ship and the quan- 
tity of coolant water discharged on each heat-up averages about 500 gallons. The 
nature of the radioactivity in the coolant water and the procedures established 
for its disposal are described in detail in the main body of this report (sec. III). 

There are other sources of radioactive waste derived from the operation of naval 
nuclear powerplants which require only infrequent waste disposal considerations. 
These include disposal of (a) the ion exchange resin that is used to purify the 
coolant water of the reactor plant, (b) reactor shield water, (c) solid wastes from 
maintenance operations, and (d) special wastes from laundry or decontamination 
operations. The nature and procedures for handling these wastes from infrequent 
operations are discussed in section IV of this report. 

Aside from the above-mentioned sources of radioactive waste, it should be 
noted that the direct radiation emanating from the hull of any nuclear-powered 
naval skip is designed to be insufficient to cause any detectable activation of 
the sea water. 
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C. Fission products 


In addition to activated impurities, the reactor cooling water may contain 
trace amounts of fission products. These come from minute quantities of uranium 
impurity in the reactor structural materials. The large quantities of fission 
products that are produced by the fission process of the reactor are retained where 
they are born: metallurgically bound within the fuel alloy. They cannot get out 
of the fuel elements unless by a very remote possibility the reactor itself were 
to melt down. The plant is protected against this possibility by its inherent 
safety characteristics and by a “‘fail-safe’’ protection system, although the possi- 
bility of such an accident cannot be completely eliminated. If the ship were 
sunk, it is expected that the reactor core could remain submerged in sea water 
for decades without release of fission products, since the zirconium protective 
cladding on the fuel elements corrodes only a few millionths of an inch per year, 
The steam system is entirely separate from the reactor system, and a failure in 
the steam system would not endanger the reactor nor release fission products or 
activated impurities. 


D. Environmental effects 


In order to confirm the adequacy of waste disposal procedures for naval nuclear- 
powered ships, surveys are being conducted of the radioactivity in the environ- 
ment around ports where nuclear ships are being build and operated. These 
surveys cover periods both before and after commencement of operation of the 
reactors. A description of these surveys and some results obtained to date are 
discussed in section V of this report. 


Ill. REACTOR COOLANT WASTE 


A. Nature of reactor coolant 

In order to establish waste disposal procedures, the radioactive nuclides in the 
reactor coolant must be identified. The radioactive isotopes of most concern 
result from activation of the small amounts of corrosion and wear products of 
plant surfaces and from activation of small amounts of impurities in the coolant 
water. All nuclides normally present in significant amounts in the reactor coolant 
of operating naval reactors and prototypes have been identified and their con- 
centrations determined. These determinations are performed during initial 
operations of the reactors, and at intervals thereafter coolant samples are analyzed 
for the long-lived (greater than several! days half life) nuclides. These analyses 
have shown that the concentrations of radioactive nuclides in reactor coolant a 
few minutes after sampling for naval nuclear propulsion plants are approximately 
as shown in table I. The table shows for comparison the tolerances used for 
dumping reactor coolant in restricted waters, to be discussed in section III B of 
this paper. Significant increases in coolant activity would be indications of 
reactor plant malfunction; therefore, continued reactor operation with the con- 
centration of any nuclide above dumping tolerance is not expected and would not 
normally be permitted. 


TaBLe I.—Concentrations of radionuclides in reactor coolant 


Measure activities of coolant in microcuries per cubic centimeter 





| 














| | 
| | | Dumping 
Nuclide Half life Maximum Average | tolerance 
| } tn pe/ee 
|——— — 
PSs hs chesusatewnllad £55 ECE ES | 2.5 hours_.--} 9.310-3_...-| 2.210-*__._- } 15. 
OR sconces ki gunmesin’ Kasee~ dened 5.2 years....| 2.5X10-3__.-- | 5.7X10-4_....| 2. 
ean tavidaens weiiieis aaa sad > o:nins in-aecms) S 2.8X<10-3_...-} 1.5X10-4... 1X10. 
Ni6s____ pcnnet 2.56 hours.--| 1.3X10-3.....| 1.610-4.....} 1.9. 
ReeitS sac EIR edo ail Le Satipataonie 27 days....--} 5.5X10-3_..--} 1.0X10-5__...| ’50. 
PE ceases cemmechexteensasa (iepecap 15 hours.-.--| 2.0X10-?__...| 8.0X10-5.....| 3X10-1. 
CO cnhiigaiens haecen necaasenencotcen| MRS SOUEG..31, ULM RD Sennen] BARE Sesser] On 
sn : : ; = ---=-| 112 Gays.....| SOX P*.....] 7.5X10-%.-...} 0. 
Steen hain ‘ és ae oate ....| 1.87 hours. 6.8X10-27_...-| 1.2 10-?_..-- | 90. 
Wer .st oe Te ' --| 24 hours.....} 9.0X10-3_...-| 3.3X10-+_.- | 9X10-4, 
Gross activity measured 15 minutes after | | | 
sampling- RR Lh 1.5X10-1_....] 5.0<10-*...-- | 3.0. 
Gross activity measured 120 hours after sampl- 
De eta ke : claieta i ieatete Reena eveenae 3.6X10-2_..--| 3.11073...) LX10-1. 
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Complete results of the nuclide identification program performed on Nautilus 
and Skate coolant water are shown in appendix B. Detailed analyses of Nautilus 
reactor coolant were made every | to 2 months during the operation of the first 
core and at less frequent intervals for the second core. No new nuclides appeared 
in these analyses. The gross 15-minute activity has remained below a normal 
operating limit of 0.3 microcuries per cubic centimeter (uc/ec). Similar results 
have been obtained for the Skate and other naval reactors already operating. 
Nevertheless, initial and periodic checks on the activity of the nuclides present 
in the reactor coolant of each new ship will continue to be made to detect changes 
that may affect plant operation or waste disposal procedures. 

Fission products occur in very small concentrations in reactor coolant because 
of uranium impurity in core structural materials. The concentrations of fission 
products in reactor coolant from this source are shown in table II, along with their 
tolerances for waste disposal. (The very short-lived fission products are not 
shown in the table since their tolerances are relatively high.) Since a rise in 
fission product concentrations would indicate a fuel element defect that might 
lead to further plant operational or maintenance difficulties, continued operation 
of a naval reactor with fission products concentrations above waste disposal limits 
would not normally be permitted. 


TaBLeE II.—Concentrations of fission products in reactor coolant 





| | 
Nuclide | Half life | Concentra- | Dumping tolerance, uc/cce 
tion, wc/ce 





5x10+ | To be conservative 1X 10-' is normally used. 


Total ISG Ls ois estes Variable. ...----| 

Cae wasscans] SIMMER .t-2es | 1X10-5 | 3X10-3, 

Total strontium .-| Variable---..---| 5x<10-5 To be conservative 1 X10- is normally used. 
Sr... : | 28 years.---- 5X10-8 | 8X10-5. 

Sré?_ | 54 days....-...-.| 5X10 | 710-3. 

Balto__ | 13 days.....--- 1X10-* 2X10-1. 

Celt4__ | 285 days........-| 1X10-7 | 4.0. 

Csi3? --| 30 years. 1x<Xi0-8 1.5X10-1. 


Two other radionuclides that may be present in reactor coolant but produce 
no waste disposal problems are argon—41 and tritium. Argon, present as a con- 
stituent in small quantities of air dissolved in reactor coolant, becomes activated 
as argon—41 and may reach concentrations up to 0.7 we/ec. Argon—41 has a short 
half-life (1.9 hours) ; it is gaseous and thus it will mostly escape to the atmosphere 
upon discharge. It is not an ingestion hazard, and calculations have shown that 
if all the argon—41 in the coolant were released as a cloud, persons exposed to the 
cloud would receive only a negligible external radiation dose. Since argon—4l is 
no waste disposal problem, it will not be further discussed in this report. 

In some of the reactors the primary coolant water is treated with a few parts 
per million of lithium hydroxide to raise the pH (alkalinity) of the coolant and 
thereby reduce corrosion of the system materials. The lithium will undergo a 
neutron reaction in the reactor core and form small amounts of tritium in the 
coolant. Experience with the PWR plant at Shippingport, Pa., which uses this 
same lithium hydroxide treatment, has shown that the tritium activity in primary 
coolant will consistently remain below 0.3 we/ee. This concentration of tritium 
activity is far less than dumping tolerance of 7 we/ece established for tritium and 
thus it does not constitute a waste disposal problem. 


B. Criteria and procedures for disposal of reactor coolant 


The basic criterion adopted for disposal of coolant is that disposal should not 
increase the average concentrations of radionuclides in the surrounding environ- 
ment by more than one-tenth of the maximum permissible concentrations for 
continuous exposure listed in National Bureau of Standards (NBS) Handbook 52. 
Application of this criterion has led to the waste disposal instruction for use by all 
U.S. naval nuclear-powered ships, included as appendix A to this report. This 
instruction was reviewed and concurred in by the U.S. Public Health Service, 
the Bureau of Medicine and Surgery of the Navy, the Reactor Development and 
Biology and Medicine Divisions of the AEC, and the Atomic Energy Applications 
Division of the Office of the Chief of Naval Operations. The instruction states 
that for discharge in port, reactor coolant gross activity must be less than 3 ue/ce 
and the fission product iodine™! must be below 107% we/ee. For discharge in the 
open sea, the instruction specifies no restriction because the quantities of waste 
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are small, the activities are normally well below the above dumping tolerances 
and the dilution obtained in the open sea is very much greater than in ports. 

The development of simple shipboard control procedures from the basic criterion 
stated above is discussed below in summary and then in detail: 

1. A dilution factor is first determined by considering the frequency and quan- 
tities of coolant that are discharged and the dilution factors that are available in 
harbor waters. It has been established that in these waters a dumping tolerance 
of 100 times the NBS Handbook 52 tolerance for any specific nuclide is con- 
servative. 

2. By equally scaling up the activities of all the individual nuclides until the 
first nuclide reaches its dumping tolerance, it is determined that when the gross 
coolant activity is 3 wc/ce all nuclides are below their respective dumping toler- 
ances. This gross activity then becomes the shipboard limit for disposal of 
reactor coolant during operation. 

3. A similar scaleup is performed for the coolant after reactor shutdown. This 
condition is different from the operating condition above since all short-lived 
nuclides in the reactor coolant have decayed. The gross activity limit becomes 
0.1 ue/ee for this case. 

4. For the unexpected condition where fission product concentrations might 
become significant, the fission product that is closest to dumping tolerance is 
determined. A shipboard radiochemical procedure is established for determina- 
tion of this nuclide. Experience on all naval ships to date indicates that this 
worst nuclide is iondine'! with a dumping tolerance of 3X 10-3 yue/cce. 

Each of the above steps is explained in more detail as follows: 

1. Dilution factor and definition of dumping tolerance.—Because coolant is nor- 
mally discharged in small quantities (average less than 500 gallons per discharge) 
it has been assumed that the discharged water will almost immediately be diluted 
in the harbor water by a factor of at least 1,000.1 This assumption has been 
checked by actual measurements of activity in the water alongside the Nautilus 
while the ship was discharging reactor coolant at the Electric Boat Division dock 
in Groton, Conn. These measurements showed that when the ship was discharg- 
ing water at about 2107? ywe/ee the harbor water alongside the ship remained 
at background level of about 210-7 ywe/ec, representing a dilution factor of at 
least 100,000. 

To be conservative, a dilution factor of only 1,000 has been assumed. With 
this factor, dumping tolerances in the Navy instruction (appendix A) are set at 
100 times the maximum permissible concentrations for continuous exposure listed 
in NBS Handbook 52. This wil insure that disposal will meet the basic criterion 
of not increasing the average concentrations of radionuclides in the environmental 
water by more than one-tenth of the NBS Handbook 52 concentrations. The 
dumping tolerances in this report and in appendix A then are defined as 100 times 
the concentrations listed in NBS Handbook 52. 

2. Gross activity limit during reactor operation.—As noted previously a complete 
analysis of ali the significant radionuclides in the reactor coolant is made for each 
naval ship. (See table I and appendix B.) If these concentrations of nuclides 
in the reactor coolant are scaled up for a gross coolant acti.ty of 3 uc/ec, one may 
observe (see table III) that the concentrations of all nuclides are below dumping 
tolerance. On this basis, a shipboard procedure is used to verify that gross 
activity is below 3 uwe/ee. This procedure is easy to perform by ship personnel 
and provides ready control for coolant waste disposal purposes. In actual ex- 
perience the gross activity is nearly always below 0.3 uwe/ec. Significant increases 
of coolant activity above this level would be indicavions of plant malfunction and 
continued reactor operation would normally not be permitted. Hence the normal 
limit imposed for reactor operating reasons is one-tenth the waste disposal limit 
of 3 uee/ee. 

i . zeteme of water equal to the displacement of the ship would be more than enough to accomplish 
nis dilution, 
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TaBLeE III.—Comparison of nuclide activities with dumping tolerance (all activities 
in pc/cc) 


Column A, 
nuclide ac- | Column B, 
tivity from dumping Ratio, 
table I scaled tolerance column A/ 
up to gross (100 times {column B 
activity= |Handbook 52)| 
3 we/ce 


Nuclide 


| RE eel 
SN EP Socen nt a 
9.0X10-3..._- 
9.6X10-3____ 
6.0X 10-4... 
4.8X10-3_..__|} 


9.0X10-4_.. 


3. Gross activity limit after reactor shutdown.—Within several days after reactor 
shutdown there are no longer significant quantities of short-lived nuclides; the 
coolant activity is now largely composed of long-lived isotopes such as iron 59 
and cobalt 60. <A different gross activity limit is needed for waste disposal after 
shutdown, since if the water has a gross activity as high as 3 ue/ec, some of these 
nuclides could be above their dumping tolerances. Examination of table I and 
appendix B shows that iron 59 has concentrations closest to dumping tolerance 
and that its highest concentration in the coolant more than 48 hours after shut- 
down is less than 10 percent of the gross activity. On this basis, if the gross 
activity is less than 0.1 uwe/ee 48 hours or more after shutdown, all nuclides in- 
cluding iron 59 will be below dumping tolerances. Table IV illustrates this point. 
On the basis of these data the instruction to ships, appendix A, uses the limit of 
0.1 we/ce for times beyond 48 hours after reactor shutdown. 


TaBLE 1V.—Reactor coolant activity 48 hours after shutdown (scaled up to a gross 
activity of 0.1 wc/cc assuming the most adverse Fe**® concentrations) 


Measured Dumping 
Nuclide Half life coolant tolerance 


activity (uc/cc) 
(uc/ce) 


1X10-2 1x10" 
1.2X10-3 2 
2.6X10-3 

15 hours... --_- 3.21073 

12.8 hours 1.5x10-2 

112 days.....-- 2.6X 10-2 

24 hours... --- 1.5X10-3 
1.0X10-! 


4, Fission products.—Analysis of the fission product concentrations in the cool- 
ant (shown in table II) shows that iodine 131 comes the closest to its dumping 
tolerance. The relative amounts of all these fission products has remained con- 
sistent on all naval reactor plants operated to date. For shipboard control of 
coolant waste disposal then, a radiochemical analysis for iodone is performed 
daily to determine that iodine 131 concentration is below 10-° ue/ee. This will 
insure that all other fission products are below their respective dumping toler- 
ances, 

IV. WASTES FROM INFREQUENT OPERATIONS 


Reactor plant operations also produce other radioactive wastes that require less 
frequent disposal than reactor coolant. This section discusses these wastes 
which include ion exchange resin, reactor shield water, solid wastes from mainte- 
nance operations, and special wastes from laundry or decontamination operations. 


A. Ion exchange resin 


The reactor collant is continuously being filtered and purified by passing a small 
bypass flow through an ion exchange resin. This resin becomes exhausted and is 
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replaced approximately every 6 months. Table V shows the radioactivity asso- 
ciated with the spent resin. Short lived nuclides are not included since the quan- 
tities present shortly after reactor shutdown are insignificant compared to the 
long-lived nuclides shown. 












TaBLe V.—Radioactivity of spent ion exchange resin ! 


Maximum 
Half life activity ! 
curies 


Nuclide 





Diccdisn oscpeiaeace Mioiamrentan od sian sl essen th is ad tails ond lend ieee lida anaes al 
Se acaeeck , pia hib ie dhpenieacisenmapaleniod alive niall ipteas igi Se OTE icnccenes 
aint catia Ret ticaie tibia aabpeacndiecacd dite admeniene aac 300 days......-- 


i Maximum radioactivity expected based on measurements from operating plants. 































If resin replacement is necessary in port, the resin is dumped to a disposable 
eatch tank. The catch tank is subsequently sealed and buried by land or sea in 
accordance with approved procedures. 

Résin discharge at sea can take account of the great dilution available in 
the ocean. When dumped overboard the resin will sink and as it sinks the 
radioactive ions on the resin are rapidly replaced by ions of the sea water. Thus, 
within a few minutes the radioactivity has transferred from the resin to the sea 
water in the wake of the ship where it will readily disperse. Assuming con- 
servatively that the wake is no longer than the path of the ship itself, the dis- 
tributed activity from the resin results in a sea water gross concentration in the 
ship’s wake of less than 10-° ywe/ec. Even at this concentration all nuclides are 
below NBS Handbook 52 permissible concentrations. In addition, subsequent 
action of wind, wave, and current will rapidly decrease these concentrations. On 
this basis the Navy instruction appendix A, allows resin disposal in the ocean, 
However, in order to avoid any possibility of having such discharges increase the 
radioactivity to which people are exposed, restrictions stated in appendix A are 
placed on ship location with respect to land, to other ships, and to fishing areas 
during resin discharge. 


B. Reactor shield water 


Some attenuation of the radiation emanating from the reactor core is accom- 
plished by using water in a shield tank around the reactor. This shield water will 
seldom if ever be dumped during the life of aship. Two-tenths percent potassium 
chromate is used in this water as a corrosion inhibitor to protect the steel surfaces 
inside the tank. Neutron activation of the potassium chromate and impurities in 
the shield water produce small concentrations of radionuclides as shown in table 
VI. Since the concentrations are well below dumping tolerance, no waste disposal 
restrictions for radioactivity are necessary as disposing of shield tank water. 


TABLE VI.— Radionuclides in shield tank water 





Nuclide 






Maximum observed | Dumping tolerance, 
activity, wc/ec | 


C. Solid wastes 


Solid radioactive wastes from nuclear ships result primarily from maintenance 
operations. Such materials include metal scrap, pieces of insulation, rags, sheet 
plastic, and paper. These solid wastes are given iy the ships to shore or tender 
facilities for subsequent packaging and burial in accordance with approved 
procedures. 
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D. Decontamination and laundry wastes 


Two other operations associated with reactor plants require disposal of radio- 
active liquids. Decontamination of radioactive tools and equipment and launder- 
ing of radioactive anticontamination clothing may be performed on some ships. 
Discharge of resulting liquids is permitted by appendix A in harbors if no nuclide 
concentrations exceed dumping tolerance. To insure that this criterion is met, 
the radioactive decontamination and laundry wastes from the ships are held up 
for monitoring and treatment by ion exchange if necessary. 

It should be noted that all of the above wastes from infrequent operations, with 
the exception of shield water, derive their contamination from radioactivity 
produced in the reactor coolant water. They will therefore contain the same 
radionuclides as the reactor coolant. 


Vv. ENVIRONMENTAL EFFECTS 


In order to verify the adequacy of the ship waste disposal procedures of appen- 
dix A, surveys are being conducted of the radioactivity in the environment around 
ports where nuclear ships are being built and operated. These surveys cover 
periods both before and after commencement of operation of the reactors. The 
surveys are being made in cooperation with the Us. Public Health Service and 
are being conducted by State and local public health organizations and the ship- 
yards. Included in the surveys are measurements of the radioactivity of water 
and atmospheric fallout, and sometimes marine organisms, fish, shellfish, mud, 
and vegetation. 

The greatest amount of experience with these surveys to date has been obtained 
in the New London, Conn., area where the U.S.S. Nautilus has operated for 
4 years and the U.S.S. Skate has operated 1 year. The waste disposal records 
of these ships are shown in tables VII and VIII. They are presented for later 


comparison with environmental survey results, and they may be summarized 
as follows: 


Average gallons dumped in New London Harbor per month_-_- as 

Average number of discharges per month 

Average number of gallons dumped in a single discharge 

Maximum 15-minute activity at any single discharge 2.0 10-1 ue/ce. 


Average 15-minute activity of water dumped 2.0X 10-? ye/ce. 
Average 120-hour activity of water dumped 4.5X10-* ywe/ce. 


In addition to the above data from Nautilus and Skate on disposal at New 
London, a review of coolant activity on all operating ships indicates the activity 
of the reactor coolant water is always low, averaging 2.5X10-? yue/ce, and never 
reaches the normal limit of 0.3 wc/ec. Moreover, the logs indicate that at no 


time has water of an activity greater than 0.3 ywe/ce been disposed of in harbor 
or at sea. 


TasLe VII.—U-.S.S. “Skate’’ reactor coolant discharged in New London Harbor 


Average 15 
minute 
activity 


1.75X10-4 
1.47X10° 
1.43X10 


-90X10-* 


-83X10% 
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Taste VIII.—USS “‘Nautilus’’ reactor coolant discharged in New London Harbor 


| 
| Average Average 
Date | Gallons 15 minute | Gallons | 15 minute 
activity \| activity 
| | 
March 1955_-. ad 1, 26X10-? || February 1957 
April 1955 : . 23X10-2 || March 1957.....--.--. Meee 
May 1955 357 | 2.11X10-2 || April 1957 .70X10"2 
June 1955 3 8 .65X10-2 || May 1957 380 | .67X1072 
July 1955 ss aecdsseeeibaba t Y98 2.41X10-? |} June 1957 | 
August 1955 July 1957-- 
September 1955___....-..-- ees August 1957 
October 1955 ; 366 September 1957 
November 1955 ; 1. 29X10-2 || October 1957 
December 1955 : 1.91X10~ |} November 1957 
ee clecnccacacsacace || Onur Beer... 
February 1956- a 2, 268 | 1.78X10-2 || January 1958. _--- " 
March 1956 , 128 | 2.97X10-2 || February 1958 , 380 | . 900X107 
Bort) 1056... ....<.<.- = ee ll 378 06X 1072 
May 1956 2, 236 b SES bh AP Be ong nacosdasenne j . 786X103 
June 1956 2 May 1958 | 
July 1956 June 1958 
August 1956_- : July 1958 
September 1956_.-.....-- | August 1958 . 
October 1956 Sanka | September 1958 7 . 56X10-% 
November 1956_.........-|_- || October 1958 41X10 
December 1956 i} November 1958 , 428 | 4. 56X10 
January 1957... .......... 340 | 1.00X10-? || December 1958 596 | 3.01X10-? 








As noted above, a program was initiated before Nautilus began operation to 
survey periodically the activity of the New London Harbor environs. This survey 
was carried out by the Connecticut Department of Health, the Connecticut Water 
Commission, and the Electric Boat Division. An analysis of the effects of dis- 
charging of the reactor plant wastes on the activity of the Thames River can be 
made by considering the discharges presented in table VII and VIII together with 
the pre- and post-operational survey data obtained by the Electric Boat Division. 
Figure 1 presents the record of the Nautilus and Skate discharges at or near the 
Electric Boat dock together with the results of the operational surveys of water 
activities in the immediate area of the dock. The data show that the post- 
operation survey measurements all fall well within the range of the preoperational 
measurements even during period of maximum discharge from the ships. The 
data further indicates that the only increases in the activity of the river water 
samples bear no relation to the operation of nuclear submarines, but occurred 
during periods when nuclear weapons fallout was detected in rain and snow 
samples. 

Examination of the additional survey data taken by the Connecticut Depart- 
ment of Health and the State Water Commission reveals that nearly all points 
surveyed both pre- and post-operational, showed activity below the minimum 
detectable limit. Some seattered pre- and post-operational data points show 
activities ranging up to twice the minimum detectable activity. These points 
bear no correlation with Nautilus discharges or with location respective to the 
Electric Boat dock where the Nautilus discharges were centered. 

One must conclude from this survey data that the controlled disposal of radio- 
active wastes from the Nautilus and Skate has had no detectable effect on the 
radioactivity of the environment. The surveys will continue as more ships go 
into operation at New London and other ports to detect any possible effects of 
the naval ships on environmental radioactivity. Surveys are now underway at 
Portsmouth Naval Shipyard, N.H.; Mare Island Naval Shipyard, Calif.; and 
Bethlehem Steel Shipbuilding Division, Quincy, Mass. Additional surveys will 
soon be initiated at Newport News Shipbuilding & Drydock Co., Virginia, and 
Ingalls Shipbuilding Corp., Pascagoula, Miss. 
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APPENDIX A 
BUSHIPS INSTRUCTION 9890.5 


From: Chief, Bureau of Ships. 

To: Distribution list. 

Subject: Disposal of radioactive effluents from U.S. naval nuclear-powered ships. 

Enclosure: (1) Maximum permissible concentrations of radioisotopes in effluents 
for discharge within 12 miles from shore. 

1. Purpose.—To establish procedures and limits for the disposal of radioactive 
effluents from U.S. naval nuclear-powered ships. 

2. Cancellation —This instruction cancels and supersedes the following: 

(a) BuShips ltr SSN—571(590) ser 590-1808 dtd May 31, 1955. 

(b) BuShips ltr Ser. 1500G-—660 dtd September 26, 1957. 
3. Scope.—This instruction applies, during construction or operation, to all 
U.S. naval nuclear-powered ships equipped with pressurized water reactor plants. 

4. Reactor coolant sampling.—The following analyses are performed using 
shipboard-type Geiger- Mueller counting equipment for reactor plant operational 
control, and to obtain information for disposal of reactor coolant: 

(a) A sample of reactor coolant is taken at least once daily and measured 
for short-lived activity at 15+2 minutes after sampling. At least once a week 
the same 15-minute sample is allowed to decay for 120+6 hours and measured 
again for long-lived activity. 

(b) The concentrations of fission products in the reactor coolant water are 
determined by analyses performed daily for iodine activity and monthly for 
strontium activity. 

5. Procedures for disposal of reactor coolant water.— 

(a) When the ship is more than 12 miles from shore, reactor coolant water and 
other effluents containing reactor coolant as the only radioactive contaminant may 
be discharged directly overboard without restriction. 

(b) Reactor coolant water and other effluents containing reactor coolant as the 
only radioactive contaminant may be discharged directly overboard within 12 
miles from shore, or at dockside, provided— 

(1) the daily iodine analysis and monthly strontium analysis indicate that 
concentrations of fission products are less than 10-* microcuries per milliliter 
(ue/ml) of iodine 131 and less than 1074 ze/ml of strontium 90; 

(2) when the reactor is in operation or has been shut down for less than 48 
hours, the daily measurement of gross degassed activity, 15 minutes after 
sampling, does not exceed 3 yuc/ml; 

(3) when the reactor has been shut down for 48 hours or more, the daily 
measurement of gross degassed activity, 15 minutes after sampling, .does not 
exceed 0.1 cc/ml. 

(c) If the conditions in paragraph 5 b above are not met, reactor coolant water 
should not be discharged overboard within 12 miles from shore. Under these 
conditions reactor coolant water may be discharged to a dockside retention tank 
for disposal by a shore facility. 

6. Procedures for disposal of spent demineralizer resin.— 

(a) At sea, spent demineralizer resin may be discharged overboard when the 
ship is more than 12 miles from shore, provided— 

(1) the ship has headway on, 

(2) other ships are not within 3 miles, and 

(3) the ship is not in known fishing areas. 

(b) Except as provided above, spent demineralizer resin should not be dis- 
charged overboard. At dockside; resin may be discharged to a retention tank for 
disposal by a shore facility. 

7. Procedures for disposal of other radioactive effluents.— 

(a) When the ship is more than 12 miles from shore, radioactive effluents de- 
rived from other propulsion plant fluid systems, shipboard decontamination, and 
laundry may be discharged directly overboard without restriction. 

(b) For discharge directly overboard within 12 miles from shore or at dockside, 
the radioactivity of liquid effluent derived from propulsion plant fluid systems, 


shipboard decontamination, and laundry must be less than the values listed in 
enclosure (1). 
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8. Records.— 
(a) Records shall be maintained of the measurements of paragraph 4 as well 
as the type of discharge, total quantity, time, and location of discharged radio- 
active effluents. 

(b) After the first 6 months of operation, the records obtained in accordance 
with the preceding requirement should be submitted to the Bureau of Ships for 
review. 

9. Effective date-——This instruction is effective upon receipt. 


H. G. Rickover, 
Assistant Chief of Bureau for Nuclear Propulsion. 
Distribution list: 
29W SSN (only 571, 578). 
Ll Navshipyds (only PTSMH, Mare). 
L3 Supships-Insord (only Groton, Quincy, NPTNWS, Pascagoula). 
L30 Subase. 
29W PCO Swordfish. 
29W PCO Sargo. 
24G Comsublant 
24G Comsubpac. 
21 Cincelantfit. 
21 ‘inepacfit. 
BSTR, Pittsburgh (5). 
BSTR, Schenectady (5). 
ARSTR, Windsor (3). 
A3 CNO (OP36). 
A5 Bumed. 
USAEC, Division of Biology and Medicine. 
USAE®, Advisory Committee on Reactor Safeguards. 
USAEC, Division of Reactor Development. 
USAEC, Division of Licensing and Regulation. 
Military Liaison Committee, USAEC. 
U.S. Public Health Service, Division of Sanitary Engineering Services. 








(Enclosure 1] 


Maximum permissible concentrations of radioisotopes in effluents for discharge 
within 12 miles from shore 


(Derived from National Bureau of Standards Handbook 52) 







Isotope 





Concentration Isotope Concentration 
(we/ml) (uc/ml) 





Unidentified beta or gamma 1X10-* | Unidentified alpha emitters 1x10-6 
emitters or any undetermined or any undetermined mix- 
tures of alpha emitters. 
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APPENDIX B 
Summary of radionuclide analyses on ‘‘ Nautilus’? and “Skate” reactor coolant Ear 
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APPENDIX 2 


EarLty History oF THE PRESSURIZED WaTER Reactor (PWR) at SuHIpPPING- 
PORT, Pa. PREPARED BY THE NAvAL Reactors Brancu, AEC 


On April 22, 1953, the National Security Council, the President approved the 
elimination of the large ship reactor project from the defense program. This 
project, known as the CVR, was instituted on the basis of a military requirement 
set up by the Joint Chiefs of Staff. That requirement stated that the CVR 
was to be a shore-based prototype of a single shaft for a large naval vessel such 
as an aircraft carrier, and to be used, after completion, to produce power and 
plutonium. 

The decision to cancel the CVR project was influenced by the views of R. M. 
Kyes, Deputy Secretary of Defense, and Robert LeBaron, Assistant Secretary of 
Defense for Atomic Matters. H. G. Rickover, then captain, USN, in a memo- 
randum dated May 15, 1953, to Gordon Dean, Chairman, Atomic Enerzy Com- 
mission, reported these views as brought out in a conference held among R. M. 
Kyes, R. LeBaron, Assistant Secretary of the Navy for Air J. F. Floberg, and 
himself, on April 30, 1953. In this conference it was stated by R. LeBaron that 
private industry was ready to underta‘e this development. It was further indi- 
cated by R. LeBaron that the time scale as currently planned for the CVR would 
require an inordinately long period of time and that such a time scale was too 
great to make it worth while to continue with the project. He indicated that 
with private industry doing the work the plant could be developed and installed 
in an aircraft carrier much more quickly, probably by 1956. It was further indi- 
cated that the technical approach being ta’en to the CVR project might be wrong 
and that reactors of the type installed in the submarine prototype plant in Idaho 
or a similar type could be used in the CVR plant. H. G. Rickover su :gested that 
since there was doubt that industry would undertake the job and that since he 
felt that the technical approach being followed was the rizht one, the decision to 
terminate the CVR should be held up for 4 to 6 wees so that an opportunity 
could be afforded to clear up these points. R. M. Kyes would not agree to this 
and terminated the meeting with the statement that the decision to cancel the 
CVR stood. 

As a result of the April 22, 1953, action of the President, H. D. Smyth, Acting 
Chairman of the Atomic Energy Commission, following a suggestion of Com- 
missioner Thomas E. Murray, addressed a letter dated April 29, 1953, to the 
President. This letter referred to the President’s decision that ‘“The early develop- 
ment of nuclear power by the United States is a prerequisite to our maintainir 
our lead in the atomic field.”” To achieve this early development, we recommen 
that segments of the large ship and aircraft programs, essential to the development 
of civilian power, be continued vigorously even thovgh the NSC has determined 
that these programs should ‘‘be eliminated as not required from the viewpoint of 
national security.”’ The reason for our recommendation is the long recognized 
fact that these programs bear a vital relationship to the development of reactor 
technology leading to civilian power. 

“It is true that the primary purpose of the large ship reactor program was to 
meet a high priority military requirement of the Joint Chiefs of Staff. We have 
depended on the program, however, as providing a principal basis for the ultimate 
construction of civilian powerplants. We are convinced that the pressurized 
light-water reactor, which is the heart of the planned large ship propulsion unit, 
offers a promising avenue of approach which must be pursued vigorously if the 
Nation is to get on with the job of attaining civilian power * * *. 

“The Commission’s recommended power policy recognizes the importance of 
utilizing the resources of private industry to the greatest extent possible. One 
of the main reasons the Commission is urging a change in the 1946 law is to 
obtain such industrial participation. However, it may well require a long period 
before the legal obstacles to privately financed work in this field are removed. 
In the meantime, the civilian power program would be marking time. We are 
convinced that even after statutory obstacles are removed, private industry will 
not assume a major part of the expensive, long-term development work that must 
precede the attainment of civilian power. This is the unanimous opinion of the 
Commission and is based upon its assessment of the state of the technology, its 
many contacts with industry, and investigations made during the lest 2 years 
by private groups. 
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“Tt is, therefore, the unanimous recommendation of the Commission that the 
pressurized light-water program and research, such as that on fluid fuel reactors, 
be continued. 

“Although we believe that private interests will not take the initiative and 
construct experimental power reactors, it is the opinion of the Commission that 
some private financial assistance may be obtained in connection with the design 
and construction by AEC of a civilian version of the proposed Navy reactor.” 

On May 5, 1953, at a meeting of Atomic Energy Commissioners Smyth, Murray, 
and Zuckert and General Manager Boyer, the Commission asked for a 1eport from 
Dr. L. R. Hafstad, Director of Reactor Development, and H. G. Rickover, based 
upon the following ground rule: ‘‘The Commission asked authority to proceed on 
the study of a pressurized light-water reactor along the same central idea as the 
CVR to the point of constructing such a reactor with an electrical power output of 
50,000 kilowatts and with an overall cost of approximately $100 million.”’ 

On May 6, 1953, the President confirmed his earlier action to eliminate, as not 
reauired from the viewpoint of national security, the existing program for the 
large ship reactor. The President, however, adopted the recommendation of the 
Atomic Energy Commission that the pressurized light-water program and related 
research be continued, pending the availaility of private financing, in the interests 
of nuclear power development. It was estimated that carrying the full program 
to completion would cost the Government approximately $100 million unless 
private financing should become available before completion. 

On May 13, 1953, in response to the May 5, 1953, request of the Commission, 
H. G. Rickover furnished to M. W. Boyer a plan of action for handling the light- 
water power reactor. In part, Rickover recommended as follows: 

“Centralized control by Government—to insure carrying through of specified 
direction of the project and to fulfill Government responsibility for expenditure 
of funds. 

“Firm decisions—to assure rapid progress and the avoidance of protracted 
studies. 

“Close coordination between manufacturer and user—to insure a successful 
end product. 

“Concentration upon the most difficult problems first—these govern the time 
scale.”’ 

H. G. Rickover further continued: 

““As a basic premise, the slightly enriched light-water cooled and moderated 
reactor concept will be adhered to as has been planned for CVR in order to make 
maximum use of the study and development which has already gone into this 
project; this will permit the earliest possible construction. This principle will 
involve close administrative and technical coordination by the Government, of 
the industrial effort of Bettis, and of other organizations working on the problem.” 

On May 12, 1953, a revised budget estimate was furnished the Bureau of the 
Budget which included $4,200,000 for beginning research and development and 
$5 million for commencing construction of a PWR. On May 14, however, the 
funds for Feginning construction of PWR in fiscal vear 1954 were deleted from 
the 1954 budget estimates by the Bureau of the Budget. 

On May 20, 1953, W. Sterling Cole, chairman, Joint Committee on Atomic 
Energy, Congress of the United States, wrote to the Honorable John Phillips, 
chairman, Independent Offices Subcommittee of House Appropriations Com- 
mittee, in part, as follows: 

“T would like to call your attention to a matter of great concern to me and 
my colleagues on the Joint Committee on Atomic Energy. * * * 

“It is possible that the relations of the United States with every other country 
in the world could be seriously damaged if Russia were to build an atomic power- 
plant for peacetime use ahead of us. The possibility that Russia might demon- 
strate her ‘peaceful’ intentions in the field of atomic energy while we are still 
concentrating on atomic weapons could be a major blow to our position in the 
world. It could even disrupt the continued operations of our own weapon plants 
by stimulating friendly countries to cut off the vital uranium they now sell us— 
cut it off to avoid the charge at home that they are selling their atomic power 
birthright for American dollars. 

“Needless to say, loss of American prestige as the leader in the field of atomic 
energy development might also result if Great Britain or other friendly foreign 
countries achieve commercial atomic power before we do. There have been 
announcements in Great Britain, France, Canada, Norway, and Australia, that 
competent teams of scientists and engineers are hard at work preparing to build 
atomic powerplants. There is little question but that they will succeed and do so 
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within a few years. Yet in the United Stetes, where we are spending billions of 
dollars every year on atomic energy, there is not a single atomic powerplant of 
commercial size under construction or even scheduled for construction in the next 
18 months. * * * 

“The first atomic power project began under the Manhattan Engineer District 
in 1946 at Oak Ridge. It failed a year later because of the inadequacy of the 
existing scientific and technical data. The second atomic power project ran its 
course from 1948 through early 1950 at the Knolls Laboratory in Schenectady, 
N.Y. * * * It was canceled before construction began in part because of the 
excessive cost in prospect for this design. * * * The third effort, in 1951—52, 
consisted of getting four groups of private companies to study the prospects for 
privately financed projects. All four groups expressed interest, but none offered 
to put up more than token money at this stage of development. 


* * * * * * * 


“Finally, Navy plans for an atomie powerplant prototype for an aircraft carrier 
were reviewed by the National Security Council and the Department of Defense 
and were eliminated as too lon :-term for the current budget. The so-called CVR 
aircraft carrier project happens to coincide with many aspects of commercial 
atomic power development. It was the last-ditch stand from which the Com- 
mission hoped to draw the design and operating experience for stimulating private 
commercial atomic power development. 

“Cancellation of the aircraft carrier reactor resulted in a letter appeal from 
the Commission to the President and a special appearance before the Joint 
Committee. As a result, a completely civilian version of the aircraft carrier 
reactor was put back in the fiscal 1954 budget now before the Congress. This 

lant would produce 250,000 kilowatts of electric power. But the budget now 

efore you contains only $4,200,000 for continuation of research and develop- 
ment and nothing for construction. 


* * * * * « * 


“T would therefore like to recommend most earnestly that you give considera- 
tion to adding $12 million to the plant and equipment part of the Atomic Energy 
Commission fiscal 1954 budget for the start of construction of at least one atomic 
powerplant designed to produce commercial electric power. This is the amount 
the Commission has stated to the Joint Committee would be the amount of which 
construction could be certain to start this coming year * * *, 

“In 1946, the 79th Congress declared it to be ‘the policy of the people of the 
United States that * * * the development and utilization of atomie energy 
shall * * * be directed toward improving the public welfare, increasing the 
standard of living, strengthening free competition in private enterprise, and 
promoting world peace.’ It is vital that we get on with peacetime atomic power. 

“Scientists and engineers the world over have declared commercial atomic 
power possible now. We must be about the business of building at least one plant 
as a demonstration to American industry and to the world that it is possible, 
economic, and truly practical.” 

In addition to the Rickover plan of May 13, 1953, and as a further consequence 
of the May 5, 1953, request of the Commission, an alternate plan was submitted 
to L. R. Hafstad by S. McLain of the Production Reactors Branch, AEC. Under 
this plan it was assumed that the objective of the new PWR program would be 
to construct and operate a reactor by 1959 which would produce industrially sig- 
nificant blocks of electric power as cheaply as the best currently available tech- 
nology would permit, and which would show conclusively actual cost and the 
technical areas of high cost in which further savings might be made, looking toward 
ultimate economic power. It was further recommended that system analyses 
of both pressurized light- and heavy-water reactors should be reviewed with 
target date of January 1, 1954, for the decision concerning the reactor to be con- 
structed. Under this plan it was felt that the organization which would be evolved 
to carry forward the program should include elements reflecting the point of view 
of the utility companies and their engineering associates, the point of view and 
experience of manufacturers of equipment, and contributions from AEC labora- 
tories such as Argonne National Laboratory. 

On May 22, 1953, H. G. Rickover and S McLain met in the orfice of M. W. 
Boyer, General Manager. Boyer opened the meeting by reading » memorandum 
written by Commissioner Murray in which the latter indicated that he desired 
no commitments as to the organization or contractual aspects of the proposed 
light-water pressurized reactor program until his return to Washington about 
June 2, 1953. Boyer then stated that in his opinion the philosophy must be 
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adopted of definitely deciding to build a reactor and not to do studies and inves- 
tigations beyond a limited point. 

It was also agreed that the fuel element was the most difficult and important 
item and should be given highest priority and precedence. Subsequent to this 
meeting McLain and Rickover met to arrange the basis for work which they 
would jointly do in the next few days. It was agreed that neither would go to 
Westinghouse or to Argonne or to any other contractor during this period or ask 
them to make any studies. 

On June 16, 1953, the Commission met in executive session and approved a 
pressurized water reactor program for the development and construction of a pres- 
surized light-water reactor plant. At this meeting the Commission further noted 
that Westinghouse would be continued as the principal prime contractor respon- 
sible for this development and also noted that in the interest of continuity and 
early completion, responsibility for this project within the Division of Reactor 
Development would be assigned to the Naval Reactors Branch. This action was 
in accordance with the plan earlier submitted by H.G. Rickover. 

During the month of June 1953 the independent offices appropriation bill was 
being’ considered by the House of Representatives. On June 9, 1953, the Com- 
mission pointed out in a letter to the chairman of the Independent Offices Sub- 
committee of House Appropriations Committee that no provision was made in 
the 1954 budget for beginning construction of a civilian power reactor. It was 
stated that if $7 million was provided, essential work for initiating construction 
of such a reactor could be undertaken in fiscal year 1954. This proposal received 
congressional support, and the independent offices appropriation bill as finally 
signed by the President in July 1953 contained language as follows: 

“Provided further, That in addition to funds allocated for research and develop- 
ment for a reactor which will advance technology toward both ship propulsion and 
the generation of industrial power and for design of such atomic power reactor, the 
Commission may expend from funds provided under this head such sum as may be 
necessary, not to exceed $7,000,000, for the beginning of construction of such 
reactor, Without regard to any other provision of this Act.”’ 

On July 8, 1953, W. Sterling Cole, chairman, JCAE, in a letter to Lewis L. 
Strauss, Chairman, AEC, stated, in part, as follows: 

“It now appears likely that the provision in your fiscal 1954 appropriation 
relating to the start of construction of atomic powerplants will be approved by the 
Congress. This provision, as you know, will permit the Commission to spend up 
to $7 million from appropriate construction funds for the start of construction of 
atomic powerplants which will be able to contribute to the technology needed for 
further development of practical and economic civilian powerplants. 

‘“‘As is indicated in the attached copy of my letter of May 20, to Mr. John 
Phillips, chairman of the House Independent Offices Appropriation Subcom- 
mittee, this provision will establish a program initiated by the Congress. This is 
in contrast to those programs recommended by the executive branch and approved 
by the Congress. In this sense, it is being imposed on the Commission outside 
of the recommendations submitted to the Congress by the President with his 
fiscal 1954 budget message. 

“The Joint Committee has a more than usual interest, therefore, in just how 
this program is carried out. Any advantage which it has been hoped might be 
gained from a demonstration of the interest of the United States in peaceful 
application of atomic energy might, for example, be impaired if administration 
of the program results in too heavy emphasis on the Navy aspects of the objec- 
tives. Such impairment might result from Navy direction, extensive Navy 
specifications, and the inevitable ‘leaked’ new articles referring to aircraft carrier 
reactor prototypes. 

“It appears to be the intent of the Congress to provide a substantial advance 
in technology to the future benefit of both civilian and Navy applications of 
atomic power. In setting up the administrative framework for carrying out the 
provision, therefore, care must be exercised to avoid any commitment to reactor 
systems based on any particular civilian or Navy specifications such as pressures, 
power ratings, or other features which might prevent the systems from ever 
allowing extrapolations with regard to the economies of the power generated. 

“It would be very much appreciated, therefore, if you would arrange to inform 
the committee in some detail of the specific administrative and organizational 
plan by which you propose to effectuate this provision for construction of atomic 
powerplants. 

“IT believe that this proposed administrative structure should be submitted for 
the perusal of the Joint Committee before it is put into effect. I am aware of the 
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fact that as of this date it is not yet certain whether the final provision will be 
stated in terms of one reactor or more than one, but in either event the committee 
will still want to know how the Commission plans to administer the program. In 
order that this review of the proposed plan will in no way delay execution of the 
provision, it would be helpful if your plan could be available for our examination 
before the recess of Congress.” 

In its meeting on July 9, 1953, the Atomic Energy Commission reaffirmed its 
action taken at the executive session on June 16, 1953, approving the program 
and assignment for the development and construction of a pressurized light-water 
reactor plant. The July 8, 1953, letter from W. Sterling Ele quoted above was 
available to the Commission at this meeting. 

On the same date, L. R. Hafstad, Director of Reactor Development, dispatched 
a teletype to A. Tammaro, Manager, Chicago Operations Office, AEC, with a copy 
to Lawton D. Geiger, Manager, Pittsburgh area office, AEC. The text of this 
teletype was as follows: 

“The AEC has authorized reorientation of the CVR program. The new 
objective has been set as a pressurized light-water reactor powerplant, with the 
basic reactor design of the old CVR program, primarily for the purpose of the 
generation of civilian electrical power, but secondarily for possible use in a naval 
application should a future requirement for this type develop. This program is 
designated ‘PWR’ (pressurized water reactor). 

“The general features of this reactor are expected to be— 

“(a) Generation of at least 60,000 kilowatts of useful electric energy. 
**(b) Use of light-water cooled and moderated, slightly enriched uranium 
type of reactor. 
4 ‘“‘(c) Six hundred pounds per square inch saturated or higher steam con- 
itions. 
““(d) Fuel element life as long as possible between chemical reprocessings 
(initial goal in excess of 3,000 MWD/T). 
““(e) Refueling with minimum shutdown period. 
“(f) Simplified reactor control system. 
‘“‘(g) Central station type turbine and electrical generating equipment. 
“(h) Conventional central station steam, electric, and other auxiliary 
systems. 
““(¢) Commercial standards of equipment. 
““(7) Use of concrete for shielding. 
“‘(k) Minimum possible construction cost of the plant. 
“(1) Minimum possible operating cost of the plant consistent with the 
above requirements. 

“All work will be terminated on items in the former CVR program aimed 
specifically at ship design and testing directed solely at meeting specific Navy 
requirements. Orderly closeout and the preparation of terminal reports for this 
work is authorized. 

‘‘Westinghouse will be continued as the principal prime contractor responsible 
for this development. Responsibility for this project within the Division of 
Reactor Development has been assigned to the Naval Reactor Branch, who will 
discuss the detailed program with you and your staff and with the contractor. 

‘‘No public announcement is presently planned regarding this program reorien- 
tation. Any relations with interested public utilities will be handled by the 
Commission in Washington for the time being.” 

The technical features outlined in the teletype above were conceived by the 
Naval Reactors Branch. These were transmitted to Westinghouse through 
Lawton D. Geiger, manager, Pittsburgh area office, AEC, for guidance in devel- 
oping the design of the plant. 

On August 5, 1953, Chairman Strauss replied to the July 8 letter of W. Sterling 
Cole, chairman, JCAE, as follows: 

“This is in response to your letter of July 8 regarding the pressurized light- 
water reactor. 

“Tn all recent planning for construction of a central station atomic powerplant 
we have worked on one principal assumption, that the United States should start 
construction of a power reactor now—rather than continue research and develop- 
ment looking to the ‘last word’ in an economical power reactor. Because large- 
scale engineering and operational experience are essential for rapid technological 
development, we believe that only by moving into the construction phase can 
we fulfill the requirement of the President which recently held that the early 
development of nuclear power by the United States is a prerequisite to main- 
taining our lead in the atomic field. And your most effective assistance on 
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obtaining construction funds for a power reactor in the 1954 House independent 
offices appropriation bill demonstrates your complete agreement on this score. 

“Acting on this assumption, AEC recommended to the President on April 29 
that a pressurized light-water reactor (PWR) be constructed. Construction of 
such a reactor can be started this fiscal year because of past development work 
on the recently canceled project for the Navy. Fortunately, as you pointed out 
in your letter to Mr. Phillips dated May 20, attached to your letter to the Com- 
mission of July 8, ‘The so-called CVR aircraft carrier project happens to coincide 
with many aspects of commercial atomic power development.’ We are convinced 
that substantial delays would result if an attempt were made to develop some other 
reactor system for this first civilian powerplant. 

“Moreover, the need for early completion of this power reactor has led us to 
conclude that the PWR project should be continued in its present contractual 
and organizational framework, namely, with Westinghouse as the prime con- 
tractor and the Reactor Development Division, Naval Reactors Branch, as the 
responsible Government supervising agency. It is our judgment that much time 
and momentum would be lost by turning over this project to a new contractor or 
a different unit for governmental control. 

“Although the appropriation act contains a general authorization to the Com- 
mission to build a reactor that will advance both civilian central station power 
technology and naval propulsion technology, you may rest assured that this 
reactor will be as you described it in your letter to Mr. Phillips of May 20—‘a 
completely civilian version.’ No compromise or hybridization is planned or 
needed because of this congressional language. In view of the withdrawal of 
military support for the CVR, no naval engineering will be introduced into this 
design if it would cause any delay or increase the cost or affect the economical 
functioning of this reactor for its primary purpose as a central station powerplant. 
However, in our opinion, in the design and building of the PWR, useful technology 
having application to naval propulsion reactors will inevitably be developed. 

“We also believe that the PWR project will be a focus of interest and activity 
for private enterprise and that its actual construction will stimulate offers for 
private support both in the supplying of components and in the overall develop- 
ment and operation of the resulting nuclear powerplant. 

“You stated in your above-mentioned letter to Mr. Phillips: ‘I do not know 
whether the first civilian powerplant will produce power at less cost than con- 
ventional plants.’ Nor does the Commission, and it should be understood that 
in proceeding with this program the Commission is making no representation that 
the PWR will produce power at competitive costs. 

“T trust that this outline of our planning will make clear to you that in exe- 
cuting the PWR program, there will be no subordination of the primary civilian 
power objective to military considerations.” 

On October 22, 1953, Commissioner Thomas E. Murray, in a speech before the 
electric companies public information program in Chicago, IIl., officially an- 
nounced the start of the PWR program. He said, in part, as follows: 

“T am very glad to be able to tell you officially today that the Commission 
has embarked on a program to construct a full-scale power reactor. It -will 
produce a minimum of 60,000 kilowatts of electrical energy with good possibilities 
of much higher output. We hope. to have it in operation in 3 to4 years. “This 
is America’s answer—its significant peacetime answer—to recent Soviet atomic 
weapons tests. It should show the world that even in this gravest phase of 
arming for defense America’s eyes are still on a peaceful future. 

“You should know that there has been much talk and perhaps guarded criticisms 
among some scientists and some industrial groups of the choice of the particular 
reactor design that we have selected for our first large-scale reactor. I might 
hazard a guess that part of this attack was generated by the fact that the design 
chosen was inherited from a naval project. Be that as it may, let me assure you 
that it was not selected at random but is one of several studied for some time and 
approved by the entire reactor fraternity—and in addition that this particular 
reactor was much further along than any of the alternate systems. 


* « * * * * * 


“Supervision of the project has been delegated to our Reactor Development 
Division. The Director of this Division, Dr. Lawrence R. Hafstad, has assigned 
the immediate responsibility for the job to Rear Adm. H. G. Rickover, the Navy 
reactor expert. Some of our friendly critics have been reported as being somewhat 
concerned about the psychological effect of a Navy man in charge of this first 
industrial reactor construction. Let me tell you that this choice was based solely 
on the admiral’s unique experience and accomplishments in building propulsion 
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power reactors for the Commission and for the Navy. We have assured ourselves 
that the only Navy aspect which the admiral will bring to this work is his title.’’ 

On November 2, 1953, the manager of the Chicago Operations Office, AEC, 
established a Contract Board for the selection of an architect-engineer for the 
PWR project. As of November 23, 1953, the Contract Board had reviewed the 
qualifications of over 80 firms and had reduced the list of firms considered qualified 
to 8. In the latter part of November and in early December members of the 
Contract Board visited each of these eight firms and in late December recom- 
mended the names of three to the manager, Chicago Operations Office, AEC 

Action on final selection of an architect-engineer was held in abeyance in view 
ef the Commission’s action of December 7, 1953, in renewing its invitation to 

‘ivate industry to submit proposals for the investment of risk capital in the 
Py R project. In this invitation the Commission said that it encouraged further 
evidence of industry’s interest in private investment for the purpose of obtaining 
firsthand experience with the new technology involved in building and operating 
a large-scale reactor designed specifically for power-producing purposes. A dead- 
line for submission of proposals by companies or organizations interested in 
participating was established as February 15, 1954. 

On December 15, 1953, Chairman Strauss of the AEC responded to an earlier 
letter of the chairman, Joint Committee on Atomic Energy and set forth the man- 
ner in which the Commission had selected the principal contractor for the develop- 
ment of the PWR reactor and how the Commission had determined the type of 
reactor to be constructed. Admiral Strauss’ letter is quoted in part as follows: 

“In my letter to you of August 5, 1953, I stated the basis on which the pres- 
surized water reactor program rests: ‘That the United States should start con- 
struction of a power reactor * * * rather than continue research and develop- 
ment looking to the “last word’’ in an economical power reactor.’ 

“In selecting the type of power reactor to construct, the Commission considered 
that the pressurized light-water reactor represented the type of power reactor on 
which the most work had been done. This technology had been advanced through 
the submarine thermal reactor development, construction, and operation and 
through the work on the large ship reactor. The Commission, after fully con- 
sidering the technical merit of the project, unanimously decided to proceed with 
the light-water cooled type of reactor which had demonstrated through the 
successful operation of the submarine thermal reactor mark I its ability to produce 
large quantities of useful power for protracted periods of time. 

“In selecting the contractor to be responsible for the development, design, and 
construction of the reactor itself and for the development of the primary coolant 
system no ordinary selection process was possible. The selection was made on the 
basis of the work completed by Westinghouse, and experience of the company in 
the light-water reactor field, and the qualification of the Bettis Laboratory staff 
to carry out the project. 

“T am hopeful that the above information on the reasons for the Commission’s 
selection of Westinghouse and the pressurized light-water reactor is helpful to you. 
The basis of both actions was of course our strong desire, which I know is shared 
by your committee, to get on with the development of atomic power by construc- 
tion of a large-scale experimental nuclear powerplant of the type which seemed to 
provide the best assurance of successful operation.” 

In anticipation of the receipts of proposals from industry, on January 29, 1954, 
L. R. Hafstad appointed a board under the chairmanship of A. Tammaro, map- 
ager, Chicago Operations Office, for evaluation of any PWR participation pro- 
posals which might be received. In addition to this board, another board was 
appointed to evaluate various Commission-owned facilities with the end in view of 
locating PWR at one of these in the event that satisfactory proposals from industry 
eae pr forthcoming. A. Tammaro was also designated chairman of this latter 

ard. 

In early February the board for evaluation of Commission-owned facilities 
visited sites at Oak Ridge, Tenn.; Portsmouth, Ohio; Paducah, Ky.; and Savannah 
River. A report was submitted to the Director of Reactor Development listing 
these sites in order of preference in the event that it was determined that the 
PWR should be constructed at one of these. 

By February 15, 1954, nine broad-scale proposals for participation by industry 
in the PWR project had been received. n i sao 19, 1954, the Evaluation 
Board recommended to L. R. Hafstad that certain of these be eliminated from 


further consideration and that the Board proceed to hold discussions in the field 
with officials of those which remained. 
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Accordingly, on March 2, 1954, a subcommittee of the Evaluation Board 
headed by H. G. Rickover began visits to organizations in Pennsylvania, South 
Carolina, Louisiana, New York, and New England. The final proposals received 
detailed evaluation by the entire Board in Washington and a recommendation 
was submitted to the General Manager. 

On March 11, 1954, the Commission authorized the General Manager to enter 
into discussions with the Duquesne Light Co. of Pittsburgh, Pa., as a basis for 
detailed contract negotiations. The Commission further approved the location 
of the PWR on land owned by the Duquesne Light Co. at Shippingport, Pa., a 
small town on the Ohio River approximately 25 miles west of Pittsburgh. The 
approval of the site location was the result of a preliminary opinion on the suit- 
ability of the site made by C. Rogers McCullough, Chairman, Advisory Committee 
on Reactor Safeguards, and two other members of the Committee on March 9, 
1954. A portion of this letter is auoted below: 

“Dear Mr. Nicwois: Mr A. Tammaro, as Chairman of the Board of Fvalua- 
tion of PWR Participation, has asked for a preliminary opinion on the suitability 
of the site proposed by Duquesne Power & Light Co. at Shippingport, Pa., from 
the point of view of hazards. It is my opinion in consultation with two members 
of the Advisory Committee on Reactor Safeguards that this site is suitable pro- 
vided that the reactor system is so designed that containment of radivuctive 
material can be guaranteed beyond reasonable doubt. It is a general view, based 
on preliminary information, that this is a reasonable requirement and one that 
can be attained. This rigid requirement rests upon the fact that the Ohio River, 
below the site in question, is one of the most heavily used sources of domestic and 
industrial water in the United States. 

“It is my understanding the PWR will be a reactor installation only and no 
chemical separation will take place at this site. 

“These conclusions are consistent with the preliminary information given a 
subgroup of the Advisory Committee on Reactor Safeguards on January 22, 
1954 * * *,.’ 

On Maren 14, 1954, the Commission released to the press the information that 
negotiations were underway with the Duquesne Light Co. A portion of this 
release is quoted below: 

“Lewis L. Strauss, Chairman of the Atomic Energy Commission, announced 
today that a proposal submitted for participation by the Duquesne Light Co. 
of Pittsburgh, Pan in the construction and operation of the Nation’s first full-scale 
central station nuclear powerplant is the most favorable to the Government and 
that the AEC is negotiating a formal agreement with the company. The Du- 
quesne Co. submitted one of nen major proposals to the Commission. 

“Under the Duquesne pro»osal the company would— 

“1. Furnish a site for the entire project and build and operate a new 
electric generating plant at no cost to the Government. 

“2. Operate the reactor part of the plant and bear the labor costs thus 
entailed. 

“3. Assume $5 million of the cost of research, development, and construc- 
tion of the reactor portion of the plant. 

“4, Pay the Commission at the rate of 48.3 cents per million B.t.u’s of 
steam used in the turbines for the first year; the rate increasing annually 
unti: it reaches 60.3 cents in the fifth year. 

“5. Waive any reimbursement by the Government of costs incident to 
termination of the contract 

“The Chairman estimated that, including revenues from the sale of steam 
generated by the reactor, the company’s proposal would reduce by an estimated 
$30 million the expenditures the Government would have to ma’e during the 
period of construction and 5 years of operations if it undertook the full cost of the 

roject. 
. “The proposed plant site is on land presently owned by the company in the 
Greater Pittsburgh area. The reactor design will incorporate safety features 
developed throuzh 10 years of experience with reactor operation. 

“The Westinzhouse Electric Corp. has a contract with AEC to develop, design, 
and construct the reactor portion of the plant. The reactor is expected to generate 
sufficient heat to produce a minimum of 60,000 kilowatts of saleable electricity in 
addition to meetin: the electricity requirements of the plant itself. The actual 
sufficient heat to produce a minimum of 60,000 kilowatts of salable electricity in 
capacity of the reactor may turn out to be somewhat greater than the minimum 
of 60,000 |lilowatts desizn and foreseeing this possibility the company would 
design its generating plant with some reserve capacity. 
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“Tt is not expected that this first plant will produce electric power at costs 
competitive with power from conventional fuels. The project has been under- 
taken in order to gain more design and technological experiences than could be 
obtained otherwise, such as from a smaller plant, and to provide firm cost esti- 
mates for the future.” 

On March 18, 1954, A. Tammaro, manager, Chicago Operations Office, and 
Philip A. Fleger, chairman of the board, Duquesne Light Co., signed a memoran- 
dum of understanding which would serve as the basis of more detailed contract 
negotiations to follow. The definitive contract was signed on November 3, 1954. 

Details of the contract between the Atomic Energy Commission and the Du- 
quesne Light Co. are available elsewhere. One extract, however, will be quoted 
in order to demonstrate the reasons for which the PWR was built. 

“It is anticipated by the parties that the information to be gained by the con- 
struction and operation of the pressurized water reactor will probably permit a 
major advance toward realization of civilian nuclear power and that such infor- 
mation is expected to lead to further technical advances in subsequent power 
reactors. It is recognized that this first full-scale nuclear powerplant will be of a 
developmental nature and will be operated with the primary objective of gaining 
information and advancing reactor technolozy rather than with an objective of 
furnishing dependable power and maintaining a high load factor. The parties 
expect to make every effort to demonstrate the practicability of nuclear central 
station power and to make the cost of such power as low as possible. Based on 
present technolozical knowledze, it is unlikely that power from this first nuclear 
central station will be competitive in cost with power from conventional plants.’’ 

During the months of February and March 1954, the Subcommittee on Research 
and Development of the Joint Committee on Atomic Energy, Congress of the 
United States, held a series of meetings to review and evaluate the 5-year reactor 
development program proposed by the Atomic Energy Commission. With 
respect to the PWR, it was the consensus of the testimony that as a demonstration 
of the serious intent of the United States to develop peacetime uses of atomic 
energy for both ourselves and our allies, and as a tool to help gain operating 
experience on a full-scale plant, the continuation of construction of one large-scale 
plant such as the pressurized water reactor was important. On March 12, 1954, 
a meeting was held between representatives of the Joint Committee and the 
Atomic Energy Commission in order to insure that both the committee and the 
Commission were in agreement on continuation of the project, that they appreci- 
ated its limitations, and had a clear conception of what it could be expected to 
accomplish. At that meeting, the Commission gave a detailed presentation of 
the purpose of, and the prospects for, the pressurized water reactor. Strong 
assurances were given to the committee that every effort would be made to 
incorporate into the pressurized water reactor all promising ideas which would 
help make it more economic and would not unduly delay its completion. 

In April 1954, as a result of the recommendation of the Contract Board, which 
had convened the previous November, the General Manager approved the selec- 
tion of the Stone & Webster Engineering Corp. to perform the architect-engineer- 
ing services associated with the design of the nuclear portion of the PWR project. 
It was specified that the work to be done by Stone & Webster would be accom- 
plished under subcontract to the Westinghouse Electric Corp. The subcontract 
as finally negotiated provided for the reimbursement of actual cost from Govern- 
ment funds and the payment to Stone & Webster of a fee of $1 for the services 
rendered. 

On April 19, 1954, an organizational meeting was held in Pittsburgh among 
representatives of the Naval Reactors Branch and the Pittsburgh area office, 
AEC, and of the Duquesne Light Co. At that meeting, at which H. G. Rickover 
was senior Government representative and P. A. Fleger, chairman of the board, 
was senior representative of the Duquesne Light Co., the division between the 
Atomic Energy Commission and the Duquesne Light Co. of design and financial 
responsbility for the components, systems, and facilities of the PWR plant was 
established. This division of responsibility was subsequently made a part of the 
definitive contract between the Commission and the Duquesne Light Co. 

In implementation of another agreement made at the meeting of April 19, 
on April 27, 1954, Commission and Bettis representatives began a series of 20 
lectures to the Duquesne Light Co. These lectures were designed to acquaint 
Duquesne personnel with the organization and relationships which existed be- 
tween the Commission and its prime contractor Westinghouse and, in addition, 
to inform them of the status of design and development on the PWR project. 
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In turn, Duquesne Light Co. representatives later gave a series of five lectures to 
Commission representatives to acquaint them with utility company problems, 

On September 6, 1954, the official groundbreaking for the PWR took place at 
Shippingport, Pa. At this ceremony President Eisenhower, in Denver, Colo., 
placed a wand containing a source of neutrons close to a fission detector. The 
resulting current, flowing through wires across the country, started up an un- 
manned bulldozer which performed the first excavation at the Shippingport site. 
In addition to the President, who spoke on television, speakers at the site included 
the Honorable W. Sterling Cole, chairman, Joint Committee on Atomic Energy, 
Congress of the United States; Adm. Lewis L. Strauss, Chairman, Atomic Energy 
Commission; Gwilym A. Price, president, Westinghouse Electric Corp.; and 
Philip A. Fleger, chairman of the Sasa Duquesne Light Co. 

The last major subcontractor on the PWR project whose selection involved 
the use of a contractor selection board, was the Dravo Corp. of Pittsburgh, Pa, 
This organization performed the installation work on the nuclear portion of the 
plant under subcontract to Westinghouse. The subcontract, which was forwarded 
by Westinghouse to the Commission for approval on October 11, 1955, provided 
for reimbursement of actual costs incurred and for the payment to Dravo of a fee 
of $1 for services rendered. 

Actual construction at Shippingport began in May 1955, and the plant achieved 
full power in December 1957. Details of the design, development, and construc- 
tion which took place during this period are contained in a book entitled ‘The 
Shippingport Water Feactor,’’ published by the U.S. Atomic Energy Com- 
mission for the 1958 Geneva Conference on Peaceful Uses of Atomic Energy, 
However, because of the complexity of the job and the number of contractors and 
subcontractors concerned with the work, the following remarks will be made con- 
cerning the administration of the project. 

As stated earlier, responsibility for the PWR project within the Division of 
Reactor Development, AEC, was assigned by the Commission to H. G. Rickover 
of the Naval Reactors Branch. The Naval Reactors Branch gave technical 
approval of all nuclear plant parameters, performance requirements, and details 
of design and development upon recommendation by Bettis. The Chicago Opera- 
tions Office, AEC, approved the design of nuclear plant facilities, structures, and 
equipment outside the primary system provided they met or were compatible 
with parameters and performance requirements previously approved by the 
Naval Reactors Branch. 

In each of the major participating organizations, a PWR project officer or 
project manager was appointed with sole responsibility for followin: and expedit- 
ing the design, development, and construction of the PWR. In Bettis plant, 
projectization was carried out to the extent that the Westinghouse engineers and 
scientists assigned to the PWR project had no responsibilities in connection with 
other projects. 

Prior to the becinning of major construction, a PWR intecrated schedule com- 
mittee was established on February 7, 1955, at a joint meeting of principal repre- 
sentatives of the Naval Reactors Branch, the Pittsburgh area office, the Duquesne 
Light Co., and the Westinghouse Atomic Power Division. This committee funce- 
tioned uncer the chairmanship of J. H. Barker, Jr., PWR project officer, Naval 
Reactors Branch. The objective of this committee was to prepare an integrated 
schedule for all major items of production and construction require? to meet a 
March 1, 1957, construction completion date for all phases of the plant except 
for the nuclear core. The name of this committee was later chanced to the 
PWR coordinating committee and its responsibilities were expanded to include 
the following: 

(a) Review of PWR construction progress at regular intervals to ascertain 
that design, installation, and construction of facilities was proceeding in accordance 
with reyuirements of the schedule. 

(6) Determination of action necessary to resolve specific problems affecting the 
construction schedules, referring the-e matters to appropriate principals if policy 
was involved or if the committee could not, of itself, avree on a course of action. 

(c) Coordination of activities, such as design and construction of facilities or 
installation of components, which required the cooperation of more than two 
organizations for accomplishment. 

Membership on the committee was expanded to include representatives of the 
Stone & We'ster Engineering Corp., Burns & Roe, Inc., and of the Dravo Corp. 
as these organizations became active in the work at Shippingport. The PWR 
coordinating committee held 36 meetings extending from February 1955 to April 
1957. 
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On May 2, 1957, H. G. Rickover met at Shippingport with representatives of 
the AEC, of Westinghouse, and of the Duquesne Light Co. The purpose of this 
meeting was to discuss and to take action on important work tasks necessary to 
complete construction, test, and startup of PWR, especially those tasks requiring 
extensive advanced planning. As a consequence of this meeting, the PWR co- 
ordinating committee was disestablished and a new committee called the PWR 
operations committee was formed. The function of this committee, which was 
likewise under the chairmanship of J. H. Barker, Jr., was to study and take such 
action as might be necessary in order that the PWR plant might achieve full 
power in the calendar year 1957. The operations committee held 42 meetings 
between May 1957 and December 23, 1957. On the latter date, the committee 
was dissolved inasmuch as full power had been achieved at 11:10 a.m. that 
morning. 

One of the principal actions of the PWR operations committee was to set up 
various task groups to follow and plan for critical tasks which might affect the 
ultimate achievement of full power operation. These task groups considered such 
operations as reactor assembly, reactor fueling, core and head installation, core 
assembly, and instrumentation checkout. The task groups met approximately 
once a week and submitted a formal report to the PWR operations committee 
at its regular meeting. 

In addition to the foregoing, numerous management techniques were used by 
H. G. Rickover to insure close control over the PWR project. A critical items 
report was submitted weekly by the Westinghouse PWR project manager. Com- 
mencing in February 1957 a daily teletype from the Shippingport site was dis- 
patched to principals in Washington and in Pittsburgh which provided informa- 
tion on such matters as progress of welding, installation of components, labor 
problems, and other items which might affect completion of the project on sched- 
ule. Finally, personal inspections of the work at Bettis and of the construction 
at Shippingpert were made regularly by H. G. Rickover. At these meetings, in 
which key principals of the organizations involved participated, problems were 
discussed freely and future plans of action were established. 


INFORMATION AND LIAISON WITH OTHER AGENCIES 


Throughout the course of the design and construction of the PWR project 


every effort was made to disseminate information as widely as possible. his 
was done for three reasons: First, to make sure that appropriate official bodies 
were given an opportunity to review design and operating procedures; second, 
that the public in general would be provided with information as to the progress 
of the plant; and third, that reactor technology developed in the program would 
be given rapid and widespread dissemination. 

he Commission has an Advisory Committee on Reactor Safeguards, recognized 
by amendment to the Atomic Energy Act of 1954, which consists of specialists in 
the various fields appropriate to the study of reactor safety. This Committee 
reviews the design and operating procedures for each proposed reactor and advises 
the Commission as to the safety aspects. Operation of a reactor cannot com- 
mence without a formal review and approval by the Commission. 

The initial contact with the Advisory Committee on Reactor Safeguards 
(ACRS) was made by H. G. Rickover, members of his staff, and representatives of 
Bettis plant on January 22, 1954. At this meeting a subcommittee of the ACRS 
agreed that the Shippingport site and the proposed conceptual design of the plant 
container appeared satisfactory. 

On April 21, 1954, J. H. Barker, Jr., PWR project officer, presented to the 
ACRS a more detailed discussion of the Shippingport site including site photo- 
graphs, hydrological, meteorological, and seismological data. In January 1955, 
the U.S. Weather Bureau was requested to set up equipment at Shippingport to 
gather meteorological data and the collection of this data began in April 1955. 

On May 7, 1955, the entire ACRS held a meeting at Bettis plant at which a 
presentation and a discussion of safeguards roblems was held. On August 31, 
1955, at their 14th meeting, the ACRS considered further details of the PWR site 
and recommended to the Commission that the Shippingport site be considered 
acceptable. On October 19, 1955, the PWR subcommittee of the ACRS dis- 
cussed the PWR project, and on January 3, 1956, at its 16th meeting, the ACRS 
heard a complete summary of the status of the PWR project from a reactor safety 
standpoint and in a subsequent letter to the AEC, stated that, “the committee 
is well impressed with the progress being made in defining the behavior of the 
system under steady State and transient conditions. The committee sees no 
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new problems in connection with this reactor which would alter its previous recom- 
mendations.” 

On November 1, 1957, the ACRS heard the final PWR safeguards report and 
in a letter dated November 4, 1957, to the Chairman, Atomic Energy Commission, 
stated as follows: ‘‘On the basis of the information presented, the Committee is 
convinced that adequate safeguards have been incorporated into the design and 
construction of the pressurized water reactor and adequate operating procedures 
have been worked out to insure that it can be operated at design power with an 
acceptably low risk to the health and safety of the public”’ The safeguards 
reports are available to the public in chapter 19 of the book entitled “The 
Shippingport Water Reactor,” referred to earlier. 

In addition to the review by the advisory committee on reactor safeguards, 
close contact was maintained with official bodies of the State of Pennsylvania. 
These ineluded those bodies which have jurisdiction over pressure vessels installed 
for use in the Commonwealth and those which have jurisdiction over pblic health. 

With respect to use of State codes and regulations in the design of the PWR 
plant, the policy of the AEC was stated in August 1954 as follows: 

“As a matter of general policy, for that portion of the plant which will be the 
property of the Government and for Duquesne Light Co. property within the 
reactor area and located on land leased to the Government by Duquesne Light, 
States codes should be observed where material and equipment are of such a 
nature that provisions of existing codes are obviously applicable. For those 
items and facilities which are not defined under existing codes, every effort will 
be made to comply with those provisions which are most applicable. * * * With 
respect to radiation exposure and di-posal of waste, either industrial or radio- 
active, State regulations, where and if existing, shall be observed unless standards 
of the AEC are more stringent. In this case, the latter requirements shall be 
applicable.” 

Since the State recognized applicable ASME codes, vessels and equipment 
constructed by qualified vendors and stamped with National Board numbers 
were accepted without any special administrative procedure or review by the 
industrial board of the State Department of Labor and Industry. A study showed 
that all nuclear plant components covered by the ASME codes could be built 
as standard ASME code vessels with the exception of the plant containers and 
certain safety devices and appurtenances. 

In the latter eases, meetings were held at Harrisburg, Pa., to resolve code 
classifications for the components in question. These components received a 
‘Pennsylvania Special’ classification. A discussion of the applicable codes and 
details of the exceptions taken to standard ASME codes may be found in AEC 
report WAPD-PWR-974, “Pressure Vessel and Piping Codes Applicable to the 
PWR Reactor Plant.’ 

As early as July 1954, officials of the Pennsylvania State Department of Health 
were informed as to the Commission’s plans with respect to the PWR project. 
In September 1955, a formal presentation was made to members of the Ohio 
River Valley Water Sanitary Commission, to representatives of the Pennsylvania 
State Department of Health, and to representatives of the Commission and of the 
Public Health Service. In addition to the presentation, these individuals were 
taken on a tour of the Shippingport site where the proposed plans were explained 
to them in the field. Extremely close liaison was maintained with the U.S. Public 
Health Service. In 1955, E. D. Harward, assistant sanitary engineer of the Public 
Health Service, was assigned to the Pittsburgh area office of the Commission on & 
full-time basis to follow problems in connection with PWR and other projects. 

It was early decided to apply to the State for a permit to discharge industrial 
and radioactive waste into the Ohio River. Cooperation of the Public Health 
Service and branches of the Commission was obtained in drawing up and reviewing 
the permit application with the State; this permit was granted on September 12, 
1957. In addition, the Commission and Public Health Service representatives 
worked closely with the State officials in developing radiation regulations for the 
Commonwealth of Pennsylvania, which were subsequently enacted into law. 

With respect to providing information to the general public, four seminars were 
held to acquaint representatives of industry with the problems in connection with 
the PWR. The first three of these, held in March and August 1954, and May 
1955 were classified in nature inasmuch as the PWR project had not, at that 
time, been fully declassified. The fourth seminar, held in Pittsburgh on December 
2, 1955, was addressed to ranking officials of industry and was designed to acquaint 
them with problems which would be encountered in developing and constructing 
a large-scale nuclear power station. This seminar was completely unclassified 
and minutes of the proceedings were subsequently published. All information 
regarding the PWR is now unclassified. 
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During the course of construction at Shippingport, approximately 10,000 
visitors toured the site and the facilities. In early 1957 it was found necessary 
to limit visits to the site because of interference with construction, but as of this 
date, visits have been resumed under the sponsorship of both the Duquesne Light 
Co. and the Atomic Energy Commission. 

Following an extensive program of hydrostatic testing and checkout of instru- 
mentation, the reactor first achieved criticality on December 2, 1957. On De- 
cember 18, 1957, at 12:39 a.m., the main generator was synchronized and, as 
provided for in the contract, the Duquesne Light Co. assumed responsibility to 
the Commission for the operation of the plant. In the early morning of December 
18, 1957, power was first furnished to the Duquesne Light system. On December 
23, 1957, the plant first achieved its full power design capability of 60,000 kilo- 
watts of net electrical power on three loop operation. From December 24 to 
December 28, 1957, the plant made, without incident, a continuous 100-hour full 
power run at 60,000 kilowatts of net electrical power. 


APPENDIX 3 


TECHNICAL BENEFITS DERIVED FROM THE NAVAL REACTORS 
AND SHIPPINGPORT PROGRAMS 


It would be difficult to pinpoint all of the benefits which result from a develop- 
ment program as broad as that supporting the naval reactors and Shippingport 
projects. Perhaps the simplest way to present the story is to start by mentioning 
a few basic developments of obvious significance and then to summarize some of 
the lesser known specific technical achievements accomplished by one project. 
The Shippingport préjett, being completely unclassified, provides an appropriate 
example for this discussion. 

Zirconium and hafnium are good examples of naval reactor developments of 
wide application and significance. Until the time we started with the naval pro- 
gram these metals were mere laboratory curiosities and were available only in 
extremely small quantities. The cost of zirconium at that time was about $500 
a pound and hafnium cost many thousands of dollars a pound. Zirconium now 
costs about $10 a pound. Zirconium and hafnium are found together in nature. 
They are contained in abundance in sands which are available in Florida, among 
other places. Zirconium is a good structural material for nuclear reactor cores. 
It does not absorb neutrons. Hafnium, on the other hand, absorbs many neu- 
trons. Therefore, we use it for control rods used to shut the reactor down. It 
is a strange thing that these two rare metals with such dissimilar nuclear charac- 
teristics are found in nature together. We have learned how to separate them 
at a relatively low price and to produce them by the ton in reactor-grade purity. 

More than three commercial companies are now making zirconium and hafnium 
in the United States, and we are currently using these metals, which were once 
very rare, in large quantities. They are also being used by others who are design- 
ing and building nuclear powerplants. 

Another item where we have contributed, is the development of a new reactor 
core fuel material—uranium oxide. The Shippingport project developed this 
material as the result of a very extensive development program, after we found 
that uranium in metallic form would just not do the job. Uranium oxide is now 
being used by many people designing nuclear power reactors, both in the United 
States and abroad. 

Over the period of the last 10 years, we have developed a great deal of basic 
reactor physics and heat transfer data, and the analytical techniques for applying 
these data to reactor design. Many other reactor designs here and abroad are 
now based on these basie data and these techniques. 

Essential parts of any nuclear powerplant are the pressure vessels, the pumps, 
valves, and the reactor control-rod mechanisms. The naval reactors and the 
Shippingport programs developed nearly all of the technology for this equipment 
which, again, is now available for use in the United States and abroad. When 
you remember that the pressure vessel of the Shippingport reactor is over 30 feet 
high, more than 10 feet in diameter, more than 8 inches thick, and weighs 250 
tons, you will realize what a problem this was. The Shippingport reactor pres- 
sure vessel was the most difficult ever built. We have now built up a sufficiently 
broad base that we can buy reactor vessels, pumps, valves, reactor control mecha- 
nisms, and other essential reactor plant equipment from any of several com- 
panies—and now so can other reactor designers, who thus benefit from our 
experience. 
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ADVANCEMENTS IN REACTOR TECHNOLOGY DUE TO THE SHIPPINGPORT PRESSUR- 
1zED WaTER Reactor (PWR) Prosect 


The PWR project has been and is continuing to be an important tool for making 
significant advances in the technology of pressurized water reactors. These 
advances started from the beginning of the design of the first PWR core, have 
continued through its development and manufacture, and are continuing at present 
through the testing of this core and the development of a complete replacement 
core (PWR core 2). Some of these specific gains in reactor technology are de- 
scribed briefly below. They cover: atomic powerplant operating experience; fuel 
and nuclear poison technology; reactor physics; reactor control; reactor thermal, 
hydraulic, and mechanical design; basic heat transfer studies; reactor core instru- 
mentation; fuel element failure detection system; plant transient behavior; re- 
fueling procedures; primary coolant water radiochemistry; disposal of radioactive 
wastes; development of large reactor plant components. 

First of all, as a complete powerplant the PWR has demonstrated how a pres- 
surized water reactor can be integrated into a large utility’s electrical power sys- 
tem. The reactor has demonstrated its ability to produce continuously its rated 
steady power and to respond to load transients with complete safety and without 
any operating problems. The plant has shown itself to be suitable for operation 
as a base load station or a peak load station or as a combination of both. 

Two major contributions of PWR reactor have been in the field of physics and 
fuel technology. The PWR has demonstrated the validity of the “seed and 
blanket’? concept in that: 

(a) It is feasible to obtain large amounts of power from a ‘“‘blanket’”’ of nat- 
ural uranium and ordinary water by using a “seed’’ or small highly enriched 
core as the driving element. 

(b) That it is possible to control the entire reactor core by using control rods 
only in the relatively small seed volume. 

(c) That this type of core possesses the favorable dynamic response and nega- 
tive temperature coefficient of a small highly enriched core and yet has the power 
capabilities of a large reactor core. 

In the field of fuel metallurgy, the PWR project has been responsible for the 
development of uranium oxide (UQ,) as a fuel material for large power reactors. 
This has been and is continuing to be a major contribution in the field of reactor 
fuel materials. Extensive testing both in-pile and out-of-pile was performed to 
permit the use of bulk UO,. Through continuing in-pile tests and the oper- 
ation of the PWR core 1 we expect to find what limitations exist in the use of 
this fuel material. There is a large number of variables involved, such as fuel 
temperatures, heat fluxes, fuel element shapes, fuel-to-clad clearance, etc., which 
can vitally affect the behavior of this material under irradiation. In PWR core 
1 the UO, is in pellet form and is contained in zirconium alloy (zircaloy-2) rods. 
In the development of PWR core 2, the replacement core, we are developing 
a UO; compartment plate-type element which has promise of having higher 
performance elements than the rod-type elements. 

The specific advances in reactor technology are summarized as follows: 


I. FUEL TECHNOLOGY 


A. Radiation and corrosion-resistant uranium alloys 


The initial fuel materials development work at Bettis led to the formulation of 
alloys of uranium which possess high irradiation stability as well as good corrosion 
resistance to high temperature water. This was accomplished by stabilizing the 
body-centered cubic phase by additions of molybdenum and/or niobium. Both 
the fabrication technology required to completely sheath these alloys in zircaloy 
cladding as well as the heat treatment and compositional variables important in 
securing materials of suitable performance capabilities were established. The 
effects of irradiation on both dimensional and chemical stability were measured. 
A byproduct of this development was the discovery of ‘“‘reversion’’ in alpha- 
transformed alloys to the gamma phase condition and the explanations developed 
for this phenomenon serve to clarify the nature of the fission process in fuel ma- 
terials. A development effort, more restricted in scope, was devoted to uranium 
alloys of the U;Si composition. Again fabrication conditions and irradiation 
stability were established; here also the property changes occurring as a result of 
irradiation serve to reveal important basic characteristics of the fissioning process. 
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B. UO, fuel material development 


The major materials contribution of PWR in this field has been the accumulation 
of information from both in-pile and out-of-pile experiments to permit use of bulk 
UO, as a reactor fuel material. The in-pile experiments have served to set a 
rational basis for interpreting the thermal performance of UO, fuel elements. 
They have revealed the relations of characteristics of the fuel material (density, 
extent of sintering, composition, porosity, etc.) and fuel element design (fuel-clad 
clearance, allowable heat flux, internal atmosphere, etc.) to fuel element bahavior. 
They have permitted formulation of a rational to relate release of fission products, 
both within the cladding and to the coolant to operational and material character- 
istics. Continuing experiments as well as experience with Shippingport operation 
will serve to reveal material limitations to the burnup of this type of fuel element. 

Out-of-pile experiments have revealed limitations imposed on fuel element 
fabrication or operation by Zr-UO, reactions. They have furnished information 
necessary for explanation and prediction of the thermal performance. They have 
revealed the relations between microstructure, density, characteristics of initial 
UO, powder, sintering times, temperatures, and atmosphere, ete. Continuing 
experiments are anticipated to permit relating ionic mobility in UO; to composi- 
tion and to the related problem of fission product mobility. 


C. The fuel component (the UO, pellet) 


Mass production techniques were developed for conversion of non-free-flowing 
UO, powder to high density, sintered, precision-dimensioned fuel pellets. Free- 
flowing granules were made by incorporating an organic binder with the UO, 
powder. Compaction was done by employing a pressure of 125 tons/in? at a rate 
of 20 pellets/minute. (Normal industrial powder metallurgical practice does not 
exceed 75 tons/in?). Sintering at a temperature of 1,675° C. for 8 hours produced 
pellest whose nominal density of 94 percent was controlled within plus or minus 
l percent. Precision dimensional tolerances of plus or minus 0.0005 in on the 
pellet diameter were obtained by grinding at rates of 25 pellets per minute. These 
fuel manufacturing techniques have since been adopted for use by a large segment 
of the reactor industry. 


























D. UO, fuel configurations 


As indicated previously, UQ, in pellet form and inserted in cylindrical rods was 
developed as the fuel element configuration for PWR Core 1. The information 
obtained in the course of this development revealed the feasibility and desirability 
of developing UO, in plate form. The potential advantages lie in improved heat 
transfer performance and in reduction of fuel element fabrication costs. Con- 
sequently UO, in the compartmented plate type form is being actively pursued 
for use in PWR core 2. 


E. Ceramic oxide seed development 


The high degree of irradiation stability exhibited by UO, has prompted investi- 
gation of other ceramic oxides as matrices, particularly for the incorporation of 
enriched UO,. Techniques for the fabrication of UO, with oxides of aluminum, 
tirconium, calcium, and beryllium (with the UO, present in various particle size 
ranges) have been developed, and pertinent properties measured out-of-pile. 
In-pile information has been obtained on several of these mixtures and further 
such tests are presently under way. Information already available has indicated 
the high degree of stability of the ZrO,-UO,—CaO fuel as well as the poor stability 
of the Al,O;-UO, fuel. This information is not only of direct value with respect 
to development of highly enriched ceramic fuel materials but also serves to reveal 
the structural and chemical factors important in determining radiation stability 
of ceramic fuels in general. For each of the oxides listed above, fuel element 
fabrication techniques are being developed to permit the incorporation of these 
materials in potentially useful forms. 













































































F. Zircaloy development 


Application of zircaloy as a cladding for UO, fuel elements and the consequent 
in-pile and out-of-pile tests which were performed have served to reveal new 
facets of zirconium technology, particularly with respect to the pickup of hydro- 
gen by zirconium from high temperature water systems, the effects of irradiation 
thereupon, and the behavior of hydrogen dissolved in zirconium. The suscepti- 
bility of zirconium to hydrogen pickup in high temperature water and its accelera- 
tion under irradiation were revealed by in-pile loop tests. Further development, 
particularly in relation to the PWR core 2 plate development program, revealed 
the role of nickel contained in zircaloy in accelerating or increasing this abso: ption 
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of hydrogen, and has pointed the way toward development of a class of zirconium 
alloys free of this injurious element. Finally, both in-pile and out-of-pile tests 
have revealed the redistribution of hydrogen in zirconium under thermal and 
stress gradients and have furnished the basis for explanation and prediction of this 
phenomenon. 


G. Development of bonding and joining techniques for zircaloy-2 


PWR core 2 fuel element development has prompted the formulation and 
further development of several techniques for bonding zirconium. A technique 
known as eutestie diffusion bonding has been developed, in which zircaloy sur- 
faces coated with small thicknesses or Cu of Fe are heated to a temperature 
sufficient to melt a eutectic of these materials with zirconium, thus forming a 
metal-brazed joint from which the bonding metal can subsequently be diffused 
into the zirconium. This joining or bonding method has been shown to be capable 
of producing joirts of high mechanical strength as well as good corrosion stability, 
Further developments initiated for PWR core application include an intensive 
evaluation of the application of the pressure bonding process for bonding zircaloy 
components, in which the bonding is achieved by simultaneous application of high 
temperatures and pressures. 


H. Lumped burnable poison material development 


To permit extension of core life in PWR cores, there are under investigation 
various metallurgical techniques for incorporating B® in the concentrations and 
lump sizes required from nuclear considerations. Two methods are under in- 
vestigation at present, the one involving fabrication of zircaloy-clad stainless 
steel-B!® alloys in concentrations up to 2 w/o B", the other consisting of incor- 
porating high density hot pressed B,C as wafers or platelets in bonded zircaloy-2 
compartments. These materials are presently under intensive investigation 
with respect to radiation limitations, out-of-pile properties and behavior,, and 
suitability for fabrication to dimensions necessary for reactor core application. 
A byproduct of this investigation has been the development of techniques for 
metallurgically bonding zirconium to stainless steel. 


I. Alternate control rod material development 


Investigation of potential replacements for hafnium as a control rod material 
for PWR has resulted in development of a silver-base alloy containing about 
15 percent indium and 5 percent cadmium, which has promise for reactor ap- 
plication. In the course of this development an analytical technique was de- 


veloped for accounting for the metallurgical changes produced by neutron | 


absorption, and techniques were developed for improvement of creep properties 
either by grain size control or by use of directly extruded powders. The in- 
vestigation was extended not only to material development but also to fabrication 
techniques for full size control rod components. Release of activity from the 
control rods as a result of plant accident conditions involving dissolved air in the 
coolant was measured and circumvented by the development of high quality 
nickel plating procedures which can be applied to full size rod components. 


J. Irradiation testing technology 


In the course of development of PWR fuel elements it has been necessary con* 
tinually to refine and advance the art of inpile testing as well as that of post- 
irradiation hot laboratory examination. Most significant in this connection has 
been the development of technology permitting the exposure of fuel elements both 
to irradiation and high-temperature water even under conditions such that the 
fissile material is exposed directly to the circulating coolant. Such a develop- 
ment was necessary not only to assess fuel element stability under combined con- 
ditions of corrosion and irradiation but also to permit prediction of, as well as 
curative measures for, the effects of fission product release through fuel element 
clad defects into the coolant. 

A second major development undertaken in this connection was the use of 
zircaloy inpile tubes as containment for high temperature, high-pressure loop sys- 
tems. This work, which results in more efficient use of test reactor neutron flux, 
is expected also to furnish valuable ancillary information applicable to prediction 
of the life of zircaloy for pressure tube in reactor application. Another aspect of 
inpile technology of potentially broad application is the development of pressure 
tubes for use in high flux reactors such as ETR in which high values of gamma 
heating as well as irradiation-induced mechanical property changes introduce 
severe limitations to design. Experience with operation of such units is expected 
to vield considerable information concerning the applicability of the design con- 
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cepts employed. Hot laboratory techniques developed for postirradiation exami- 
nation of PWR fuel elements are also of particular interest with respect to the 
information gained on handling of relatively large fuel element specimens irradi- 
ated to high burnups and obtaining applicable data on metallographic structure, 
chemical analysis of fuel and cladding, and gaseous fission product release from 
the fuel. 


K. Zircaloy tubing and end capping of Zircaloy fuel rods 


From the start of the PWR project the fabrication of zircaloy tubing having 
the desired integrity was considered a serious problem. Zircaloy had never 
been fabricated to this shape and all commercial tubing manufacturers were 
completely unfamiliar with the fabrication characteristics of this material. The 
only known process of fabricating tubing consisted of drilling bars at a cost of 
over $100 per foot of finished product. 

As a result of an all-out development effort, a satisfactory process for fabricating 


| acceptable zircaloy tubing was developed. Approximately 150,000 feet of 
| tubing were fabricated meeting the rigid dimensional and material characteristic 


requirements necessary; i.e., adequate corrosion resistance and leak tightness 
when subjected to a 50,000 p.s.i. proof test. Yields of final quantities of tubing 
were comparable to those obtained on other nonferrous materials such as alumi- 
num. As a result of this development zircaloy tubing of various sizes is now 
available to all reactor designers. 

An important and difficult problem that had to be solved in the manufacture 
of rod type fuel elements was that of sealing the zircaloy tubes with zircaloy 
end plugs. It was found that a significant amount of porosity would develop 
in these closure welds and such techniques and equipment had to be developed 
to overcome this. Finally, an automatic setup for performing these welds was 
developed and the losses in the welding of these fuel rod end caps was reduced 
to a very negligible number. 


L. Fission products—Release and distribution 


The necessity of running inpile tests with deliberately defected fuel elements in 
order to assess the amount and distribution of fission products that would be re- 
leased from unintentionally defected elements in the reactor was recognized. 
An empirical correlation (escape coefficient) was developed relating the rate of 
release of activity from the fuel to its concentration in the fuel. It was found 
that, in general, those isotopes which present the greatest hazard from the stand- 
point of surface contamination are least likely to escape from the fuel. The 


escape coefficient concept has been adopted by other groups designing UO,-fueled 


reactors, and the values of this coefficient developed by PWR have been used in 
their calculation. Concurrently with the determination of escape coefficients, the 
relative affinities of specific radionuclides for absorption on pipe surfaces at high 
temperature have been measured. These measurements have for the first time 
permitted a realistic evaluation of the accessibility hazards expected from failure 
of fuel elements in pressurized water reactors. Only by this means can the fate 
of each radioactive isotope released be determined, and the radiation fields 
resulting from soluble versus deposited activity calculated. 


II. PHYSICS 


The PWR core | is demonstrating the suitability of a seed and blanket type 
core for the generation of large quantities of electrical power for a public utilities 
system. 

The research and development activities occurring as an integral part of the 

rogram leading to the design gnd operation of PWR cores at Shippingport 
ve provided information and insight into a number of areas in reactor physics 
and nuclear design which are applicable to reactor development in general. 


A, Extended burnup of high uranium content fuels—reactivity behavior 


Two phases of the PWR program are providing valuable information with 
regard to the long-lived reactivity behavior of natural uranium fuels. These are: 
(1) The exposure of up to 10,000 megawatt day-ton (average) which the blanket 
of the first core will receive if three or four seed lives are completed; and (2) the 
long term reactivity gains program, which is providing an opportunity to study, 
under controlled conditions, the reactivity effects associated with exposures of up 
to 30,000 megawatt day-ton for natural uranium fuel. Such information is 
vital to a power reactor program involving high uranium 238 content material 
in reactors of very extended lifetimes and high power. The analysis which is 
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planned for selected irradiated fuel elements from the core 1 blanket including 
destructive testing will provide information on this subject several years before 
it will be available elsewhere. 





B. Physics measurements at Shippingport 


The data obtained from the extensive testing program carried out at Shipping- 
port provides a basis for evaluating the anelytical model used in reactor design 
which has not been available from the operation of other existing power reactors, 
The data have been obtained in a form which is directly comparable with that 
obtained from calculations, and therefore the operation of the PWR at Shipping- 
port represents the first thorough check of nuclear design methods against an 
operating large scale power reactor of long reactivity life. 









C. Xenon-induced power oscillations in a large power reactor 


The presence of extensive nuclear and thermal instrumentation in the PWR 
has enabled direct observation of xenon-induced instabilities. Although the 
possibility of such instabilities had been anticipated, the ability to observe and 
develop methods for their control in PWR has provided insight into the character 
of large reactor behavior which will be of direct application in the design of other 
large power reactors. In particular, the Shippingport experience has demon- 
strated that: 

(1) Adequate instrumentation must be provided in the design of new plants so 
that the reactor operator can be aware of such oscillations; and (2) an informed 
reactor operator can easily control the magnitude of such oscillations so that the 
thermal capability is not exceeded in any local regions of the core. The relatively 
complete information obtained at Shippingport concerning the behavior of the 
reactor during an oscillation provides the basis for development of an analytical 
model which may assist future reactor designers to anticipate oscillatory tendencies 
in a design sufficiently early to minimize their effects. 














D. Critical experimentation 

The extensive series of experiments involving PWR mockup critical assemblies 
has led to the development of several useful experimental techniques. Among 
these are a method of determining reactor subcriticality by analysis of neutron 
flux data, a method for obtaining excess reactivity information from moderator 
height measurements on critical assemblies, and a technique for simulating ele- 
vated moderator temperatures in a cold reactor by use of a foamed plastic material. 
Several innovations in the field of data reduction also have resulted. These 
include devices for the precise measurement of control rod positions and moderator 
heights, and a method of automatic compensation for the decay of activities 
induced in the foils used in flux plotting experiments. 


E. Information en the reacter properties of water-moderated, slightly enriched 
uranium lattices 


The TRX< critical program, designed to provide basic information on the reactor 
characteristics of lattices of uranium 238 rods, moderated by light water, was 
financed in large measure by, and also was motivated by, the PWR project. 
The information obtained as a result of this program represents one of the most 
significant contributions to the development of reactor physics technology thus 
far made in the United States. The aevelopment of digital computer codes for 
use in nuclear reactor design, while somewhat separate from the TRX program, 
has found its basis in the data provided by the TRX. 


F. Self-shielded burnable poisons 


An integral part of the development effort op a second core for Shippingport 
has been the work associated with the analysis of self-shielded poisons for a long- 
lived, high-power reactor. The emphasis which has been placed on the core 2 
objectives has stimulated the development of analytical methods for the treat- 
ment of such poisons which would not otherwise be in existence. Such ana- 
lytical ability is essential to the design of any long-lived power reactor, since in 
this case control rods alone are not capable of providing sufficient reactivity 
control. The analytical work and associated experimental effort which has been 
devoted to the burnable poison problem represent a substantial contribution to 
the field of power reactor design. 
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Ill. CORE INSTRUMENTATION 


The PWR project is contributing significantly to the development of compact 
flow and temperature sensing instrumentation for the determination of the 
absolute and relative power production in the various parts of reactor cores. 
In addition, instrumentation has been developed for the measurement of the axial 
temperature distribution in fuel plates and the detection and location of a failed 
fuel element. Features which have and are being developed can be categorized 
as follows: 

(A) Accommodate instrumentation, components, and leads within the 
restricted space available in a compact pressurized water core and in a 
manner which will not interfere with core refueling procedures. This 
overall problem required development to accomplish conventional functions 
such as the joining and sealing of groups of sampling and sensing tubes and 
the use of flow measuring devices. 

(B) The development of new devices to perform new functions for which 
there was little precedence. Example: The development of a device for ob- 
taining representative mixed samples of the effluent flow from each fuel assem- 
bly in order to detect whether any of its elements has failed. 

(C) The development of in-pile thermocouples and means for readily re- 
placing these thermocouples in the event of their failure. 

(D) The development of a complete core instrumentation system which 
would not affect the safe operation of the reactor in the event that any part 
of this system were damaged. 

A large amount of testing both in-pile and out-of-pile had to be performed to 
develop this kind of core instrumentation. Some of the proof testing was done 
in the naval reactor facility (S1W), Arco, Idaho. 


IV. MECHANICAL DESIGN 


Significant developments in the mechanical design and arrangements for pres- 
surized water reactors have resulted from the PWR project. For example, the 
necessary technology was developed to fabricate large pressure vessels having 
walls over 8 inches thick and using a thin seal weld membrane for making the 
pressure vessel head joint leak tight. In addition, a large reactor pressure vessel 
head was developed with a large number of openings so that the reactor could be 
refueled through these ports in the head without having to remove the pressure 
vessel head. 

Refueling methods were developed such that in PWR it would be possible to 
obtain information to evaluate various methods of refueling the reactor core; 
for example, refueling with the reactor vessel head on versus refueling with the 
reactor vessel head off, and in each case using water or solid shielded containers 
to provide the necessary radiation protection. Means for holding the fuel clusters 
in the reactor core and for orificing various sections of the core were developed for 
PWR core 1 and further advances are being made in these mechanical features in 
the design of the PWR core 2. All of these features should be applicable in the 
design of large-size power reactors. In carrying out these new designs special 
techniques are continuously being developed for calculating and determining the 
stresses in the various structures due to both pressure and thermal forces. 





Vv. HEAT TRANSFER AND HYDRAULICS AROUND RODS 


Adoption of zircaloy-clad oxide rods as the reference fuel element in the blanket 
region of the core necessitated the formation of a test program to establish the 
basic thermal and hydraulic parameters for parallel flow between rods. Essen- 
tially no such information on rods was available in the literature prior to the 
start of test work. The test program included isothermal, local boiling, and bulk 
boiling pressure drop tests and burnout heat flux tests. 

In order that calculations could proceed prior to the availability of the test 
results, it was assumed that correlations obtained for flat plate fuel elements were 
valid for flow outside of rods. Through the performance of numerous tests it 
was concluded that both the burnout heat flux correlation and the heating and 
local boiling correlation obtained for rectangular channels could be conservatively 
"ee to parallel flow outside of rods. 

ignificant information Sear thermal and hydraulic performance in pres- 
surized water reactor core one has been made available through flow-measurin 
and temperature-sensing instrumentation. In combination, these two classes 0 
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instrumentation have enabled detailed power-distribution analyses to be made 
which have confirmed the design predictions of core performance. 

The flow-measuring instrumentation has shown that flow distribution through 
a multiregion orificed core such as pressurized water reactor can be accurately 
predicted from semiempirical analyses. Measurements of flow through prescribed 
assemblies of the core were within 1.5 to 2.2 percent of design, with standard 
deviations of the measurements being +2.5 percent. The four coolant inlet 
nozzles in pressurized water reactor are symmetrically located and spaced evenly 
around the core. Flow distribution was found to be within the preceding limits 
with either three or four coolant loops in operation. 

The thermocouple instrumentation has required careful calibration and has 
yielded information which (1) has confirmed power-distribution predictions early 
in core life, (2) has shown that there is a shifting in power from the enriched 
seed to the natural uranium blanket, and (3) has provided a measurement of 
core power symmetry and deviations from symmetry. 

A shift of approximately 3.7 percent in seed/blanket power sharing was pre- 
dicted through nuclear-design studies in the interval of 1,000 to 3,000 EFPH. 
Thermocouple measured seed/blanket power sharing changed (in the proper 
direction) by approximately 4.7 percent over the same interval of core life. 

Power oscillations across diametrically opposite segments of the PWR core 
were observed during a maximum xenon override test after approximately 400 
EFPH. These oscillations have been monitored through core instrumentation. 
The period of oscillation has been established to be approximately 24 hours; the 
magnitude of oscillations has been maintained within prescribed limits (+6 per- 
cent) oscillation have been permitted during certain operations, while in others 
they were effectively limited to +3 percent). 

Static power asymmetries upon core startup have also been detected through 
core thermocouple instrumentation, which has become the basis for calibration of 
neutron flux detectors, subsequently used to monitor normal operations. Thermo- 
couple evidence is available describing static asymmetries followed by shutdown, 
xenon buildup, and then during subsequent operations oscillations, the magnitude 
of which is directly proportional to the static asymmetries. 

Information concerning power asymmetries as influenced by various coolant 
loop combinations will be available from ‘“‘core asymmetry tests’? which have yet 
to be performed. 
VI. COOLANT TECHNOLOGY 
PWR has been the first pressurized water reactor to operate from initial startup 
with the coolant controlled at high pH with a lithium-base ion-exchange resin. 
In-pile loop tests had early demonstrated that deposition of corrosion products 
on fuel element surfaces and buildup of radioactivity in the loop are less under 
high pH operation than at neutral pit. The radiochemical behavior of the PWR 
system seems so far to confirm these indications. 

Advances have also been made in chemical technology associated with the re- 
actor coolant. In particular, new devices have been invented and developed for 
continuous dissolved hydrogen and oxygen analysis; the concept of continuous 
sampling of coolant and analysis by a train of instruments was developed for 
PWR and successfully applied. As a result of PWR-supported work, new knowl- 
edge has been gained concerning the performance of base-form ion exchangers for 
pH control and fission product removal. 
















VII. REACTOR PLANT COMPONENTS 













The main coolant pumps in PWR are the largest hermetically sealed pumps 
built todate. Their design was based on extrapolation of data from much smaller 
units and were as far as the manufacturers could reasonably go in 1954. Based 
on their experience with these units, pump vendors are now willing to make 
another step change to higher power and pumping capacities. 

Similarly, the reactor vessel, steam generators, valves, and other reactor plant 
components constitute a significant increase in size over previously available 
equipment. 

REPORTING AND DISSEMINATION OF INFORMATION 


Many people do not realize the large amount of technical information that the 
naval ak the Shippingport programs are making available to everyone, including 
all foreign countries. baie in 1957 we established the following policy: 

1. All information on the Shippingport reactor is unclassified. 
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2. All naval reactor technology is unclassified. 
3. Only design and military information remained classified. 

In line with this policy we reviewed at that time all of the classified reactor 
reports issued by our program and we released several thousand publications for 
dissemination to people working on other reactors. 

In addition, we arranged for the Bettis and the Knolls Atomic Power Labora- 
tories to regularly publish unclassified reports several times 2 year reporting all 
of the latest developments in naval reactor technology. 

We also encouraged our contractors to report their work in technical papers 
published as Government reports, or in professional journals, or presented before 
technical societies. 

As a result of these actions, the naval] reactor laboratories have published—all 
unclassified and available to everyone—several hundred technical progress reports, 
several hundred topical reports as Government publications, more than a thousand 
technical papers in professional journals or meetings, and several thousand 
technical memorandums, specifications, or drawings. I believe that in the report- 
ing and dissemination of really useful technical information, the naval reactors 
and Shippingport programs need take a back seat to no one. 

I will cite one example which illustrates the kind of technical information we 
are reporting. The Bettis Laboratory published, in connection with the 1958 
Geneva Conference on Peaceful Uses of Atomic Energy, a selection of papers 
reprinted from their periodic unclassified report on naval reactor and Shippingport 
technology. The scope and detail of these papers is indicated by their titles, 
which follow: 

REACTOR AND PLANT ENGINEERING 


“Hydraulic Test Program for Reactor Core Components,” R. Atherton and 
L. H. Harman. 

“Determining Performance Characteristics of a Saturated Steam Pressurizer for 
Nuclear Power Applications,” J. R. Maxwell. 

“A Review of Two-Phase Flow Relations,” J. S. Busch and J. M. Carpenter. 

“Formal Heat Transfer Solutions for Reactor Design,’”’ J. S. Busch. 

‘Transient Temperature Distribution in Pressure Vessels,” J. S. Busch, J. P. 
DeVries, R. C. Nicoll, and R. A. Oerth. 


“Study of the Force-Deflection Characteristics of a Belleville Spring,’ J. E. 
Meyer. 

“Design and Operating Characteristics of a Bed Filter for an In-Pile Test 
Facility,”” L. A. Waldman. 


REACTOR METALLURGY 


“Metallurgical Design and Properties of Silver-Indium-Cadmium Alloys for 
PWR Control Rods,” I. Cohen, E. F. Losco, and J. D. Eichenberg. 

“Solubility of Enriched Boron and Boron Compounds,” E. 8S. Byron, J. F. 
Thompson, and 8S. W. Porembka. 

“A Metallographic Examination of Zirconium and Zirconium Alloys,’”’ E, L. 
Richards and E. A. Wright. 

“The Effect of Heat Treatment on the Corrosion Resistancé of Zircaloy-2 and 
Zirealoy-3,’’ J. G. Goodwin. 

“The Chemical Displacement Plating of Zirconium and Zircaloy,’”’ F. M. 
Cain, Jr. 

“Problems Associated With Uranium Contamination of Zirconium and Zir- 
conium Alloys,’ B. F. Rubin, P. W. Frank, R. S. Gilbert, and K. H. Vogel. 

“X-Ray Examination of Irradiated Uranium Dioxide,” E. R. Boyko, J. D. 
Eichenberg, R. B. Roof, Jr., and E. K. Halteman. 


REACTOR CHEMISTRY AND PLANT MATERIALS 


“Out-of-Pile Dynamic Loop Tests of Irradiated Fuel Materials,’’ L. A. Wald- 
man and W. T. Lindsay, Jr. 

“Corrosion and Erosion of Sintered UO, Compacts in High Temperature 
Water,” J. M. Lojek, W. T. Lindsay, Jr., and P. Cohen. 

“The Effect of Oxygenated Water on Clad-and-Defected UO, Fuel Specimens,”’ 
J. M. Lojek and W. T. Lindsay, Jr. 

“Magnetic Properties of Type 400.Series, 17-4 PH, and AM 355 Stainless 
Steels,’ J. V. Alger. 

“The Effect of Surface Finish and Galvanie Coupling on the Corrosion Re- 
sistance of ASTM A-212 Carbon Steel in Primary and Secondary Water,”’ L. R. 
Scharfstein. 
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“Corrosion of Shield Tank Materials in Lithium Chromate Solutions,’’ E. Rau 
and K. Jakobson. 


“Removal of Radioiodine from PWR Plant Container Air,’’ A. 8. Kesten. 
REACTOR PHYSICS AND MATHEMATICS 


oe of Methods Used in Control Rod Analysis for Reactor Design at Bettis,” 
A. F. Henry 

“Two Dimensional Burnup of a Cell,’’ W. D. Kimball. 

‘‘Resonance Capture in Heterogeneous Systems,”’ 8S. Stein. 

“Half-Height Cadmium Slab,’’ R. S. Halgas and M. Bender. 

“Critical Experiments on Water-Moderated Lattices of Slightly Enriched 
Uranium Dioxide (UO,) Fuel Rods,” J. R. Brown. 

“Nuclear Design of a Fuel Assembly for an Irradiation Proof Test,’’ S. Sandhaus. 

“Synthesis of Three-Dimensional Power Shapes—Application of Flux-Weighted 
Synthesis Technique,’’ W. N. Lorentz. 

“The Use of the Equivalent Bare Core Model for Calculating the Criticality 
of Slab-l'ype Reactors and a Comparison to Experiment,’ R. 8. Wick and J. D. 
Butler. 

“Thermal Flux Depressions in Materials Containing Fuel and Boron,” R. J. 
Neuhold and G. F. Boger. 

“‘An Inverted Reactivity Effect,’’ L. O. Herwig and E. R. Sanford. 

“Thermal Equivalent Zp for Cadmium-Silver Control Rods,’’ A. J. Calio. 

“A Lemma of Stieltjes,’’ R. 8. Varga. 

“Reactor Criticality and Nonnegative Matrices,’’ G. Birkhoff and R. 8. Varga. 

““Few-Group Fitted Parameters,’’ P. A. Ombrellaro. 

‘“‘A New Version of the Multigroup Fourier Transform Code for Calculation of 
Fast Group Parameters,’”’ E. Gelbard and H. Bohl. 

“The WANDA Spatial Code,”’ O. J. Marlowe and E. Gelbard. 

“CAN DLE—A One-Dimensional Few-Group Lifetime Depletion Code,”’ E. M, 
Gelbard, G. W. Hoffman, O. J. Marlowe, and P. A. Ombrellaro. 

But the most important vehicle we have for getting out technical information 


























comprehensive and they are all unclassified except for one which contains classified 
design information. These naval reactors handbooks are: 


Published 


“Liquid Metals Handbook,” first edition, edited by R. N. Lyon, June 1950; 
second edition, edited by R. N. Lyon, June 1952; third edition, (sodium-NaK 
supplement) edited by C. B. Jackson; first printing, June 1955; second printing 
(revised), November 1955; (available from Superintendent of Documents, Wash- 
ington 25, D.C.). 

“Metallurgy of Zirconium,” edited by B. Lustman and F. Kerze, Jr., July 1955. 
(published by McGraw-Hill Book Co., New York). 

“The Metal Beryllium,’’ edited by D. W. White and J. E. Burke, July 1955 
(published by American Society for Metals, Cleveland). 

“Bibliography of Reactor Computer Codes, Report AECU-3078,” edited by 
R. 8. Brodsky, December 1955 (available from Superintendent of Documents, 
Washington 25, D.C. This compilation is being kept current by the Nuclear 
Codes Group Quarterly .Newsletter, inquiries should: be sent c/o New York 
University, AEC Computing Facility). 

“Reactor Shielding 
(published separately by Government Printing Office, McGraw-Hill Book Co., 
New York, and D. Van Nostrand Co., Princeton, N.J.). 

“Corrosion and Wear Handbook for Water-cooled Reactors,” edited by D. J. 
DePaul, March 1957 (published separately by Government Printing Office and’ 
McGraw-Hill Book Co., New York). 

Naval reactor physics handbook, A. Radkowsky, chairman of editorial board. 
Volume II, ‘“‘The Physies of Pressurized Water Reactors,” edited by S: Krasik,. 
March 1959 (confidential); volume III, “The Physics of Intermediate Spectrum 
Reactors,’’ edited by J. R. Stehn, September 1958. 


In preparation 
Naval reactors eee handbook, A. Radkowsky, chairman of editorial board. 


Volume I, “The Physics of Naval Reactors; Basic Techniques,’ edited by A- 
Radkowsky. 


‘Metallurgy of Hafnium,” edited by E. T. Hayes and D. E. Thomas. 

































is a series of technical handbooks which we are publishing. They are quite 


esign Manual,”’ edited by T. Rockwell III, March 1956. 
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“Properties of Uranium Dioxide,”’ edited by J. Belle. 

“Reactor Heat Transfer and Fluid Flow Handbook,” edited by J. Zerbe. 

“Nuclear Reactor Design Manual,” edited by N. J. Palladino, I. H. Mandil 
and B. F. Langer. 

“Reactor Plant Piping Handbook,” edited by M. Shaw. 

“Irradiation Testing and Hot Lab Techniques,”’ edited by D. M. Wroughton, 
T. J. Glasson and R. R. Roof. 

“Nuclear Poison Materials for Reactor Control,” edited by W. K. Anderson and 
J. 8S. Theilacker. 
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